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1.  Its  underlying  theme:  the  extent  to  which  man  has 
learned  to  control  the  forces  in  his  environment  that  cause 
change.  See  the  preface,  page  iv. 

2 .  Its  organization  into  large  units  of  wor\ ,  each  of  which 
develops  some  important  scientific  concept  and  sets  up  prob' 
lem  situations  which,  because  of  their  genuine  interest  and 
importance,  really  challenge  the  pupil.  See  the  preface, 
pages  iii-vi,  and  the  contents,  pages  vii-xii.  The  units  are 
arranged  in  such  an  order  as  to  give  the  learner  an  increase 
ingly  enlarged  understanding  of  the  major  theme  of  the  book. 

3  •  Its  pupil  foreword ,  which  not  only  explains  at  the  outset 
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6.  Its  chapter  summaries ,  which  state  simply  and  concisely 
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studied.  See  pages  28,  51,  72. 

*7 .  Its  wealth  of  questions  and  things  to  do,  which  stimulate 
thought  and  bring  pupils  into  actual  contact  with  scientific 
phenomena.  See  pages  97,  98,  99,  154,  155. 

8 .  Its  useful  glossary  of  science  words.  See  page  1,  at  end 
of  book. 

Q.  Its  abundant  illustrations,  which  help  the  pupil  materi' 
ally  to  visualise  what  he  is  studying  and  assist  him  in  arriving 
at  desired  understandings. 
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Preface 


This  series  has  been  prepared  for  use  in  the  junior-high- 
school  grades.  The  authors  have  been  guided  in  this  work 
by  the  recommendations  set  forth  in  the  report  "A  Pro¬ 
gram  for  Teaching  Science/'  in  the  Thirty-first  Yearbook 
of  the  National  Society  for  the  Study  of  Education  (1932), 
Part  I.  In  this  report  it  is  recommended  that : 

The  science  courses  of  the  seventh,  eighth,  and  ninth  grades 
should  be  considered  as  an  integral  part  of  the  program  of  science 
instruction  for  the  period  of  elementary  and  secondary  education. 
The  science  of  this  level  should,  on  the  one  hand,  be  built  upon 
and  comprehend  the  science  of  the  first  six  grades ;  it  should,  on 
the  other  hand,  serve  as  a  basis  for  an  orientation  into  the  special 
sciences  of  the  high  school  for  those  who  are  to  continue  beyond 
the  ninth  grade.  Above  all  else,  it  must  provide  the  most  worth¬ 
while  science  experiences  possible  for  the  pupils  on  this  level,  and 
it  must  be  in  accord  with  the  acceptable  objectives  of  a  liberal 
education  for  boys  and  girls  of  ages  twelve  to  sixteen  years. 

In  this  report  of  the  National  Society  for  the  Study  of 
Education  there  is  a  list  of  principles  and  generalizations 
which,  taken  collectively,  define  the  major  contributions  of 
science  to  human  welfare  and  to  human  interests.  This  list, 
with  some  modifications,  has  been  used  for  guidance  in  the 
selection  of  instructional  material  for  these  books. 

The  series  constitutes  A  Survey  of  Science.  ,  It  is  an  ex¬ 
ploratory  survey  of  the  areas  of  scientific  achievements  de¬ 
fined  by  the  important  principles  and  generalizations.  The 
series  is  designed  to  give  to  children!  an  acquaintance  with, 
and  an  ability  to  use,  the  products  of  scientific  achieve¬ 
ments  that  are  interesting  and  important  in  the  unspecial¬ 
ized  intellectual  activities  of  educated  laymen. 

The  point  of  view  developed  in  this  report  of  the  Na¬ 
tional  Society  for  the  Study  of  Education  and  accepted 
in  the  preparation  of  this  series  is  that  the  aim  of  instruc¬ 
tion  in  science  is  threefold  : 
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1.  To  develop  an  understanding  of,  together  with  an  ability  and 

desire  to  use,  those  scientific  attainments  that  may  func¬ 
tion  in  intellectual  experiences  most  common  to  everybody. 

2.  To  develop  some  understanding  of,  together  with  an  ability 

and  desire  to  use,  some  of  the  methods  by  means  of  which 
scientific  attainments  have  been  achieved. 

3.  To  engender  the  scientific  attitude  of  respect  for  truth  and  for 

scientific  methods. 

The  attainment  of  this  aim  will  function  in  the  lives  of 
maturing  youths  and  in  their  lives  as  adults,  as  a  stimu¬ 
lation  to  wholesome  intellectual  endeavors  and  as  a  source 
of  personal  satisfaction  due  to  enriched  appreciation. 

For  the  attainment  of  this  aim  these  books  furnish  a 
wealth  of  vicarious  experiences  and  suggestions  for  actual 
contacts  with  challenging  scientific  phenomena.  At  the  end 
of  each  chapter  there  are  many  carefully  prepared  aids  to 
learning,  which  take  the  form  of  direct  experiences.  These 
direct  and  vicarious  experiences  supplement  one  another  in 
developing  for  the  learner  an  enlargement  of  understand¬ 
ing  of  important  principles  and  generalizations,  and  serve 
to  develop  an  ability  to  use  scientific  methods  of  work. 

The  one  theme  that  runs  through  these  books  is  "Liv¬ 
ing  things  —  including  man  —  are  dependent  upon  one  an¬ 
other  and  upon  the  physical  environment."  The  course 
develops  an  understanding  of  the  ways  in  which  this  de¬ 
pendence  functions.  In  the  first  book  of  the  series  ( The 
World  Around  Us)  emphasis  is  placed  upon  getting  ac¬ 
quainted  with  the  environment.  The  second  book  ( This 
Changing  World)  recognizes  as  a  major  theme  the  changes 
that  are  going  on  in  living  and  nonliving  things.  Man's 
Control  of  his  Environment  is  the  third  book  of  this  series. 

Like  the  two  preceding  volumes,  this  book  is  organized 
into  relatively  few  teaching  units.  These  are  divided  into 
conveniently  arranged  chapters.  Each  unit  develops  under¬ 
standing  of  some  large  feature  in  the  environment,  over 
which  man  is  exerting  some  measure  of  control.  The  sub¬ 
ject  matter  of  a  unit  has  been  brought  together  because  it 
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belongs  together  for  the  development  of  an  understanding 
of  the  means  whereby  this  control  has  been  attained. 

The  major  achievements  resulting  from  work  in  science 
may  be  grouped  as  follows : 

1.  Through  understanding  of  living  things  and  their  relations  to 

the  physical  environment,  man  is  able  to  produce  a  food 
supply  that  is  in  excess  of  his  needs.  Only  a  generation  ago 
there  seemed  to  be  well-supported  fears  for  the  security  of 
the  food  supply.  These  fears  have  now  been  dispelled. 

2.  Through  understanding  of  the  nature  of  matter,  materials  for 

work  in  construction  have  been  made  available  in  abun¬ 
dance  and  in  great  variety 

3.  Through  understanding  of  energy,  forces  with  their  origins  in 

coal  and  running  water  are  made  available  to  do  the  work 
of  the  world.  There  is,  it  seems,  an  abundance  of  energy 
under  control  for  every  conceivable  need.  This  energy  flow¬ 
ing  through  the  wheels  of  machinery  may  be  used  to  do  the 
drudgery  that  has  been  done  by  men  and  beasts  of  burden. 

4.  Through  understanding  of  organisms,  including  himself,  man 

is  able  to  control  in  large  measure  the  causes  of  illness  and 
to  maintain  for  himself  a  higher  degree  of  bodily  vigor. 
Diseases  very  destructive  to  human  life  only  a  short  while 
ago  are  now7  so  definitely  under  control  that  cases  of  illness 
from  them  are  extremely  rare. 

5.  Through  understanding  of  the  physical  and  biological  environ¬ 

ment,  intellectual  experiences  of  a  recreational  nature  are 
made  possible.  We  like  to  know,  we  seize  opportunities  to 
see  things,  and  we  derive  satisfactions  from  our  observa¬ 
tions  as  we  are  able  to  interpret  them. 

6.  Through  understanding  of  the  physical  and  biological  factors 

of  the  environment,  man  is  able  more  adequately  to  under¬ 
stand  himself  and  the  character  of  his  responses. 

Achievements  in  science,  including  scientific  methods  and 
attitudes,  have  contributed  enormously  to  human  satis¬ 
faction.  We  like  to  think  straight.  Mental  disturbances 
arise  when  we  are  blocked  in  ability  to  do  so.  Through 
understanding  we  gain  in  ability  to  think  through  our  prob¬ 
lems,  including  those  most  intimate  ones  relating  to  our 
own  personal  adjustments.  Fears  that  have  attended  the 
thinking  of  people  at  an  earlier  time  are  dispelled  by  ability 
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to  understand.  Furthermore,  understanding  fosters  atti¬ 
tudes  favoring  the  search  for  understandings,  and  these 
attitudes  function  as  determiners  of  behavior.  Thus  the 
individual  progresses  in  attaining  freedom  from  unfounded 
prejudices  and  superstitions.  Understanding  of  cause  and 
effect  in  some  relations  fosters  the  search  for  cause  and 
effect  in  other  relations.  Modern  psychology  abundantly 
supports  the  conclusion  that  ability  to  use  understandings 
is  the  effective  foundation  for  building  those  mental  atti¬ 
tudes  which  are  the  bases  of  desirable  behaviors. 

Growth  in  ability  to  understand  The  World  Around  Us, 
This  Changing  World,  and  Man's  Control  of  his  Environ¬ 
ment  must  result  in  growth  in  ability  to  understand  man's 
great  achievements  and  to  take  part  in  them.  Through 
such  understandings  and  activities,  attitudes  favoring  de¬ 
sirable  achievements  must  be  engendered.  We  learn  to  do 
by  doing,  and  our  behavior  is  influenced  by  the  character 
of  our  achievements.  Richness  in  behavior  is  a  product  of 
richness  in  experiences.  In  A  Survey  of  Science  the  authors 
have  provided  rich  experiences  in  great  variety. 

The  authors  have  received  assistance  from  many  sources. 
They  acknowledge  especially  their  indebtedness  to  Mr. 
Arthur  V.  Linden  of  Teachers  College,  Columbia  Univer¬ 
sity.  The  authors  wish  also  to  express  appreciation  for  sug¬ 
gestions  made  by  Professor  Kirtley  F.  Mather  of  Harvard 
University,  who  has  read  the  book  in  proof.  Others  who 
have  read  all  or  parts  of  the  proof  and  contributed  useful 
suggestions  include  Mr.  Herbert  J.  Arnold  of  New  College ; 
Mr.  0.  E.  Underhill  of  the  State  Teachers  College  at  New 
Britain,  Connecticut ;  Mr.  J.  F.  Montgomery  of  the  Pub¬ 
lic  Schools,  New  Rochelle,  New  York;  Mr.  N.  E.  Bingham 
of  the  Lincoln  School,  New  York  City;  and  Miss  June  M. 
Common  of  the  Horace  Mann  School,  New  York  City. 
Acknowledgment  is  made  to  Charles  E.  Merrill  Company 
for  permission  to  adapt  material  quoted  in  Chapter  XXXIII 
from  a  manuscript  in  the  social  studies  being  prepared  for 
publication  by  Herbert  B.  Bruner  and  C.  Mabel  Smith. 
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To  the  Readers  of  this  Book 

If  someone  were  to  say  to  you  that  you  might  have  four 
wishes,  for  what  should  you  ask?  You  may  find  it  hard  to 
answer  this  question.  But  if  you  were  to  review  the  struggles 
of  the  human  race,  you  would  see  clearly  what  the  desires 
of  men  have  been.  It  is  human  desires  that  have  been 
responsible  for  the  achievements  of  man.  Obviously  man 
works  for  what  he  wants. 

In  a  sense  the  wants  of  man  are  simple.  His  four  major 
desires  are  (1)  for  food,  clothing,  and  shelter;  (2)  for 
health  and  bodily  vigor;  (3)  for  leisure  time  with  oppor¬ 
tunity  to  direct  his  own  activities;  and  (4)  for  ability  to 
understand  himself  and  the  things  round  about  him. 
Achievement  of  these  desires  has  not  come  merely  by 
wishing.  It  has  come  as  a  result  of  continuous  effort. 

As  a  result  of  long,  hard  effort  man  has  increased 
enormously  his  power  to  produce  the  materials  for  food, 
clothing,  and  shelter.  Similarly  he  has  brought  under 
control  many  of  the  conditions  which  in  the  past  have 
been  major  causes  of  ill  health.  Energy  from  natural  re¬ 
sources,  that  is,  from  coal  and  falling  water,  has  replaced  in 
large  measure  the  muscular  energy  of  man.  Thus  man 
has  been  freed  from  hard  labor  and,  to  a  greater  extent 
than  ever  before,  has  time  for  leisure  pursuits.  Through 
this  leisure  there  has  come  to  the  individual  an  opportunity 
to  gain  understanding  of  himself  and  of  the  environment 
of  which  he  is  a  part. 

The  achievements  in  control  of  the  environment  have 
come,  in  large  part,  through  the  applications  of  the  methods 
of  scientific  study.  Since  these  methods  are  relatively  new 
in  the  history  of  the  race,  the  great  achievements  in  control 
have  come  fairly  recently.  In  fact,  the  achievements  have 
come  so  fast  during  the  past  century  that  it  has  been  diffi¬ 
cult  to  make  needed  adjustments.  The  story  of  changes 
in  the  activities  of  man  is  in  a  sense  a  story  of  progress 
toward  gaining  his  main  desires.  In  order  that  you  may 
take  your  place  in  society  it  is  important  that  you  study 
these  achievements. 
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xiv  To  the  Readers  of  this  Book 

In  this  book,  Man's  Control  of  his  Environment,  there  is 
an  account  of  some  of  man's  important  accomplishments. 
You  may  see  how  he  has  learned  to  control  the  growth  of 
plants  and  animals  and  to  use  this  control  in  the  produc¬ 
tion  of  an  abundant  food  supply;  how  he  has  learned  to 
control  energy  from  natural  resources  and  to  use  this 
energy,  in  place  of  muscular  energy,  to  do  the  work  of  the 
world ;  and  how  he  has  enlarged,  through  painstaking 
effort,  his  ability  to  understand  himself  and  to  interpret 
the  phenomena  of  nature. 

Man's  Control  of  his  Environment  is  the  third  of  a  series  of 
three  books.  The  title  of  the  series  is  A  Survey  of  Science. 
The  first  book  is  called  The  World  Around  Us .  In  it  you 
will  find  a  simple  story  of  how  plants  and  animals,  including 
people,  live  in  their  physical  environment.  The  second 
book,  This  Changing  World,  tells  about  changes  in  the  en¬ 
vironment.  This  third  book  of  the  series  tells  how  man 
has  learned  to  control,  to  some  extent,  the  forces  that 
cause  change.  Through  the  use  of  his  intellect  he  has 
learned  to  use  forces,  like  those  that  wear  down  mountains, 
to  run  machinery.  He  has  learned  to  control  some  of  the 
forces  that  affect  the  character  of  the  soil,  and  he  has  used 
this  knowledge  to  produce  more  wheat,  corn,  and  cotton. 

The  wealth  of  the  world  is  in  the  forces  and  in  the  ma¬ 
terials  that  we  may  use.  Through  the  study  of  science  man 
has  learned  the  vastness  of  the  wealth  on  earth.  There  is 
more  energy  than  we  can  use,  more  food  than  we  can  eat, 
and  metals  for  every  need. 

In  a  world  of  abundance  what  are  the  limits  placed  on 
man's  achievements?  Through  the  use  of  his  intellect  he 
has  built  up  the  complex  civilization  of  today.  We  may 
adapt  ourselves  to  it  through  fuller  understanding  of  our¬ 
selves  and  of  the  factors  that  produced  the  conditions  in 
which  we  live.  A  Survey  of  Science  shows  something  of  the 
progress  man  has  made  in  understanding  the  world  around 
him,  in  understanding  himself,  and  in  gaining  control  of 
his  environment.  These  accomplishments,  which  have 
come  so  rapidly,  seem  to  suggest  that  far  greater  things  lie 
ahead.  Never  before  was  there  a  time  that  offered  so  many 
interesting  and  important  things  to  do. 
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The  Indians  helped  the  Early  American  Pioneers  to  cultivate 
Native  Plants 


UNIT  I 


How  has  Man  gained  Increasing  Control  over 
the  Living  Things  in  his  Environment? 


Chapter  I  •  Where,  When,  and  Why  have  Plants  been  Culti¬ 
vated? 

Chapter  II  •  How  have  we  developed  New  Plants  and  New 
Varieties  of  Plants? 

Chapter  III  •  How  and  Why  have  we  domesticated  Animals? 

Chapter  IV  •  What  Conditions  give  the  Most  Efficient  Growth 
of  Crops? 


AT  THE  BEGINNING  of  our  national  history  we  could  truly 
.  say  that  we  were  an  agricultural  nation.  Even  as  late  as 
1880  there  were  72  per  cent  of  our  people  living  on  farms,  but 
with  the  twentieth  century  came  great  changes.  In  1929  less 
than  25  per  cent  of  our  population  lived  on  farms.  The  nation 
had  become  primarily  an  industrial  one  rather  than  an  agri¬ 
cultural  one.  This  change,  however,  made  the  place  of  the 
farmer  even  more  important.  People  in  cities  depend  upon 
agriculture  for  life.  Imagine  one  of  our  great  cities  cut  off  for 
even  one  week  from  the  sources  of  its  food  supplies.  Such  a 
city  would  face  starvation. 

But  what,  you  say,  has  this  to  do  with  science?  Picture  the 
change  which  has  taken  place  in  agriculture.  First  and  fore¬ 
most,  the  application  of  scientific  principles  to  farming  has 
made  it  possible  for  the  farmer  to  secure  a  much  greater  yield 
per  acre  for  almost  every  crop.  Many  other  scientific  achieve¬ 
ments  have  aided  the  farmer.  New  types  of  agricultural  prod¬ 
ucts  have  been  developed.  Old  crops,  such  as  fruits  and  fresh 
vegetables,  can  be  obtained  by  larger  portions  of  the  country 
because  of  new  methods  of  shipping  and  preserving  food. 
Through  irrigation,  areas  once  arid  and  dry  now  produce  large 
crops.  Better  varieties  of  grain  have  been  developed,  as  in  the 
case  of  wheat,  and  scientific  methods  of  cattle-breeding  have 
made  possible  the  raising  of  new  types.  The  farmer’s  methods 
of  work  were  once  almost  primitive.  Today  complex  ma¬ 
chinery  has  replaced  simple  machinery  on  the  farm,  just  as 
it  has  in  the  factory. 

So  you  see  that  science  has  played  a  big  part  in  the  agri¬ 
cultural  life  of  America.  Not  all  of  this  story  can  be  told,  nor 
can  all  of  its  meaning  be  pointed  out.  Perhaps,  however,  as 
you  read  this  unit,  you  will  see  some  of  this  development  and 
will  be  able  to  understand  more  completely  the  problems  of 
the  farmer  of  today. 
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Chapter  I  •  Where,  When,  and  Why  have 
Plants  been  Cultivated? 

Each  of  us  has  at  some  time  been  aware  of  how  certain 
weather  conditions  tend  to  create  food  shortages.  Droughts, 
for  instance,  make  vegetables  scarce  or  tough.  They  may 
cause  cattle  to  die  for  lack  of  green  plants  and  water. 

And  yet  most  of  us,  in  America  as  well  as  in  other  parts 
of  the  civilized  world  today,  in  spite  of  all  our  worries, 
have  enough  to  eat  and  to  spare,  with  variety  sufficient  to 
provide  well-balanced  meals. 

Mankind,  however,  has  not  always  been  so  fortunate. 
Man  has  many  times  known  hunger  and  starvation  when 
crops  failed ;  and  even  when  he  had  a  surplus  of  food  to 
store  he  had  not  always  satisfactory  means  of  storing  it. 
Nor  could  he  transport  it  from  regions  of  plenty  to  regions 
of  famine,  for  heated  trains  and  artificial  refrigeration  are 
recent  inventions.  Besides,  there  have  been  whole  races 
of  men  who  had  no  crops  to  fail,  who  depended  upon  what¬ 
ever  food  they  could  pick  up  as  they  moved  about.  These 
people  must  have  known  only  too  often  what  it  felt  like  to 
be  hungry.  Food  for  them  was  often  really  scarce. 

In  the  neighborhood  of  a  million  years  ago,  or  a  little 
more,  primitive  man  first  wandered  through  the  forests 
and  over  the  plains  of  Europe,  finding  shelter  usually  in 
rock  caves  along  the  banks  of  streams.  He  hunted  animals. 
He  got  shellfish  from  lakes  and  seas.  He  ate  seeds,  leaves, 
roots,  and  berries.  He  may  even  have  stored  some  of  them 
against  the  needs  of  winter. 

At  a  later  date  man  domesticated  certain  wild  animals  — 
cattle,  sheep,  goats,  and  horses.  Probably  about  this  time 
certain  observing  individuals  discovered  how  to  sow  seeds 
and  raise  crops.  It  was  a  discovery  of  no  small  importance. 
Think  a  minute  of  the  consequences. 
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Metropolitan  MuBeum  of  Art 


Fig.  1.  Agriculture  is  More  Ancient  than  History 

In  A  is  shown  some  pleated  cloth  made  by  ancient  Egyptians,  and  in  B  some  grain 
(with  models  of  servants  preparing  it)  found  in  the  graves  of  ancient  Egypt 


Previously  man  had  been  obliged  to  hunt  for  his  food  and 
to  live  in  a  region  where  it  was  plentiful.  Now  he  could 
Plants  have  been  raise  it.  He  had  to  sow  the  seeds  and  tend 
raised  for  food  the  growing  crop,  but  when  autumn  came 
he  had  food  aplenty.  Because  of  his  discovery  a  longer 
stay  in  one  place  became  possible.  More  permanent  homes 
could  be  built. 

Thus  man  settled  down.  Thus  he  became  a  farmer  rather 
than,  or  in  addition  to  being,  a  hunter  and  a  herdsman.  He 
had  still  to  learn  how  to  keep  his  land  fertile,  how  better 
to  plow  and  harrow  it.  He  had  still  to  discover  the  great 
variety  of  valuable  crops.  He  had  still  to  improve  his 
crops  by  selection  and  crossbreeding.  But  the  first  step 
in  the  conquest  of  plants  had  been  taken. 

Agriculture  is  more  ancient  than  history.  Among  the 
relics  of  the  Swiss  lake-dwellers,  who  lived  more  than  ten 
thousand  years  ago,  have  been  found  wheat  grains,  barley, 
millet,  flax,  and  peas.  Wheat  and  linen  cloth  have  been 
taken  from  the  tombs  of  Egyptian  mummies  (Fig.  1).  Even 
these  date  back  two  to  four  thousand  years,  perhaps  more. 
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A.  For  What  Purposes  has  Man  wanted  Plants? 

Probably  there  has  never  been  a  time  when  man  did  not 
use  plants  for  food.  But  how  about  other  uses? 

Recall  the  old  Indian  herb  doctors  or  the  less  civilized 
medicine  man.  Recall  the  supposedly  learned  Greek  phy¬ 
sicians.  Their  reme¬ 
dies  were  chiefly  from 
the  plant  world.  In¬ 
deed,  man  seems  to 
have  used  plants  for 
his  medicine  almost 
as  many  years  as  for 
his  food.  But  do  we 
find  plants  and  their 
products  still  worth 
using  for  medicine 
today? 

The  answer  is  that 
doctors  today  would 
be  at  a  loss  without 
them.  Take  a  few  in¬ 
stances.  Quinine,  the 
remedy  for  malaria, 
comes  from  the  bark 
of  the  cinchona  tree 
in  the  mountains  of 
Ecuador.  Chaulmoo- 
gra  oil,  used  as  a  cure  for  the  dreaded  disease  leprosy,  comes 
from  a  tree  in  India.  Digitalis,  belladonna,  gentian,  euca¬ 
lyptus,  peppermint,  fennel,  sarsaparilla,  Plants  are  used  fo?: 
juniper,  and  caraway  are  among  the  plants  medicine 
valued  for  use  in  medicine.  If  you  should  look  over  the 
bottles  behind  a  modern  prescription  counter,  such  as  the 
one  in  Fig.  2,  you  would  find  a  very  large  percentage  con¬ 
taining  drugs  obtained  from  plant  substances. 


Ewing  Galloway 

Fig.  2.  A  Modern  Pharmacist  depends  to  a 
Great  Extent  upon  Drugs  obtained  from 
Plant  Substances 
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Or  suppose  we  consider  man’s  clothing.  Possibly  the 
first  man  to  decorate  or  protect  himself  with  a  covering 
Plants  are  used  for  used  the  hide  of  an  animal.  But  the  day 
clothing  must  soon  have  arrived  when  he  began  to 

use  grasses,  leaves,  and  the  bark  of  trees.  Fossil  flax  seeds 
have  been  found  in  Europe  among  the  relics  of  the  Stone 
Age.  The  development  of  the  art  of  weaving  is  prehistoric. 
Cotton  cloth  and  linen  cloth  are  more  ancient  than  the 
first  written  records. 

Plants,  more  especially  trees  and  grasses,  have  long 
served  for  shelter.  Suppose  you  should  try  to  trace  the 
Plants  serve  as  development  of  housing  through  the  ages 
shelter  and  then  discard  all  the  houses  where 

plants  and  their  products  were  absolutely  essential.  What 
would  remain  ?  The  most  ancient  caves,  which  were  stone, 
and  the  most  modern  skyscrapers,  which  are  stone  and  metal. 

And  last,  but  perhaps  not  least,  an  important  use  of 
plants  is  for  the  beautifying  of  our  towns  and  our  homes. 
Plants  add  beauty  Who  is  not  attracted  to  gay  blossoms? 
to  the  world  Perhaps  you  have  a  flower  bed  similar  to 

that  shown  in  Fig.  3.  Who  does  not  love  the  beauty  of 
trees  ?  In  this  respect  early  man  was  probably  no  different 
from  the  man  of  today. 


B.  What  were  Some  of  the  First  Crops  Raised? 

As  we  have  already  suggested,  some  of  our  most  im¬ 
portant  plants  have  been  cultivated  for  so  many  centuries 
that  it  is  hard  to  trace  their  ancestry  or  to  determine  the 
time  when  they  were  wild. 

Wheat  without  doubt  had  its  origin  in  Asia,  probably 
in  the  region  near  Palestine.  This,  as  you  know,  is  a  land 
The  use  of  wheat  in  which  lived  a  highly  civilized  people  in 
is  very  old  the  earliest  days  of  history.  Wheat  spread 

to  other  parts  of  Asia,  and  to  Europe  and  Africa.  In  the 
cooler  or  drier  parts  of  the  earth  man  developed  new 
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Fig.  3.  Cultivated  Plants  serve  Man’s  Sense  of  Beauty  as  well  as  his 
Material  Needs 

Do  you  think  a  garden  such  as  this  is  evidence  of  man’s  control  over  nature  ? 


varieties  of  wheat  that  could  resist  cold  or  drought.  In 
Fig.  4  are  shown  two  types  of  wheat :  one  the  wild  variety 
which  still  grows  near  Palestine  today;  the  other  one  of 
our  best-yielding  modern  varieties.  But  of  this  develop¬ 
ment  you  will  read  more  in  a  later  chapter. 

Wheat  has  formed  the  "staff  of  life”  for  the  white  race 
of  the  Old  World  since  the  earlier  part  of  the  Old  Stone  Age. 
It  came  into  America  for  the  first  time  soon  after  the  land¬ 
ing  of  Columbus. 

Barley,  oats,  rye,  rice,  and  millet  have  also  been  used 
for  thousands  of  years.  These  grains  are  used  less  widely 
than  wheat,  but  are  nevertheless  important  as  food  both 
for  man  and  for  his  domestic  animals. 

Indian  corn,  or  maize,  is  strictly  American.  It  was  un¬ 
known  in  the  Old  World  until  taken  there  by  the  English 
and  the  Spaniards  returning  from  their  explorations  on 
these  continents.  It  is  unknown  now  in  a  wild  state,  al¬ 
though  there  is  a  wild  grass  called  teosinte  in  Central 
America  which  is  very  closely  related  to  it.  Maize  was 
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grown  by  American  Indians  over  wide  geographic  areas. 
Although  originally  doubtless  a  semitropical  plant,  like 
„  .  .  _T  teosinte  today,  it  grew  in  the  dry  sandy 

Maize  is  a  .New 

World  plant,  the  uplands  as  far  north  as  New  York  State 
th^lndians 6  ”  °f  and  Great  Lakes  region  as  well  as  in  the 
hot/damp  lowlands  in  Central  America  and 
in  the  hot,  dry  plateaus  of  Peru.  How,  you  may  ask,  could 
a  single  plant  be  adapted  to  so  many  environments?  For 

each  different  environ¬ 
ment  the  Indians  had 
developed  or  selected  a 
different  variety  of  maize. 
To  what  extent  the  In¬ 
dians  consciously  devel¬ 
oped  these  differences  we 
do  not  of  course  know. 
It  is  probable  that  some 
new  kinds  resulted  natu¬ 
rally.  It  is  further  likely 
that  the  most  intelligent 
among  the  Indian  farm¬ 
ers  were  quick  to  take 
advantage  of  nature,  and 
saved  each  year  the  best 
of  these  new  varieties. 
In  any  case,  there  was 
plenty  of  time  for  ad¬ 
vances  to  be  made  in  the 
hundreds  of  years  maize 
was  cultivated  upon  this 
continent  before  the  ar¬ 
rival  of  the  Europeans. 
Today,  cultivated  corn  is  far  different  from  the  early 
types,  as  you  can  see  from  Fig.  5. 

Corn  crops  cover  more  ground  at  present  than  any  other 
cultivated  crop  in  America  —  about  100,000,000  acres. 


Fig.  4.  Man  has  improved  Wheat 
through  a  Knowledge  of  the  Laws 
which  control  its  Growth 

Is  there  any  question  in  your  mind  as  to 
which  is  the  modern  and  which  the  ancient 
wheat  ? 
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Three  fourths  of  the  corn  goes  to  pigs,  cattle,  horses,  and 

poultry,  both  as  cornstalks  and  as  seed.  It  is  used  in  our 

own  diet  as  corn  meal  and  in  the  form  of  corn  oil,  corn 

sirup,  and  cornstarch.  The  value  of  the  annual  corn  crop  of 

about  three  billion  bushels  is  normally  in  Cotton  was  a  pre- 

the  neighborhood  of  two  billion  dollars,  historic  crop  in 
_  ,  ,  .  T  ..  ,  .  both  the  Old 

Cotton  was  grown  in  India  centuries  World  and  the 

before  the  Christian  Era.  Reports  of  it  New  World 
came  to  Europe  through  Herodotus,  a  Greek  writer  of  his¬ 
tory.  Later,  soldiers  of  Alexander  the  Great  brought  back 
seeds  and  planted 
them.  Arabsbrought 
it  into  Spain  in  the 
MiddleAges.  Cotton 
was  valued  highly  in 
Europe  at  that  time, 
but  chiefly  as  a  curi¬ 
osity!  It  was  used 
little  in  competition 
with  the  linen  fibers 
from  the  flax  plant. 

Then  Columbus 
discovered  America ; 
and  here  in  Central 
America  and  upon 
the  islands  of  the 
W est  Indies  he  found 
natives  dressed  in 
garments  beautifully 
woven  from  cotton ! 

The  fact  that  he  recognized  the  cotton  was  one  of  the  chief 
reasons  why  he  thought  he  had  reached  India,  for  he  and 
his  crew  had  heard  about  the  cotton  that  grew  in  India. 
And  soon  the  Spaniards  were  demanding  ransoms  from  the 
Aztecs,  Mayas,  and  Incas,  often  in  the  form  of  cotton  cloth. 

1  The  photographs  of  early  types  of  corn  are  by  R.  P.  Orchard. 


Fig.  5.  The  Cultivated  Corn  of  Today  is  Far 
Different  from  the  Early  Types 

a,  b,  c,  corn  from  Peruvian  graves 1 ;  d,  modern 
corn 
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Fig.  6.  Cotton  is  a  Tropical  or  Subtropical  Plant 

The  cotton  plant  is  shown  in  A.  Plantations  such  as  that  shown  in  B  cover 
large  areas  of  the  southern  United  States 


The  cotton  plants  cultivated  in  India  and  in  Central 
and  South  America  were  very  much  alike.  And  in  both 
centers,  though  so  widely  separated,  the  processes  of  mak¬ 
ing  the  cloth  were  for  all  practical  purposes  identical !  How 
did  the  same  plant  happen  to  be  cultivated  on  both  hemi¬ 
spheres?  Did  the  people  of  one  country  carry  it  to  the 
other,  along  with  knowledge  of  the  art  of  weaving  ?  Scien¬ 
tists  and  students  of  history  wish  they  knew,  but  no  one  does. 

Cotton  is  a  tropical  or  subtropical  plant,  requiring  a 
moist  sandy  soil  and  a  temperature  of  at  least  60°  F. 
through  the  growing  season.  It  is  grown  today  in  nearly  all 
parts  of  the  tropics  where  there  is  sufficient  moisture. 

A  cotton  plant  is  very  different  in  appearance  from  the 
group  of  grasses  to  which  wheat,  corn,  rice,  barley,  sugar 
cane,  sorghum,  and  other  grains  belong.  The  cotton  plant 
is  a  mallow,  related  to  rose  mallow  and  hollyhocks.  The 
cotton,  as  shown  in  Fig.  6,  grows  on  a  small  bush.  Its 
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flowers  present  an  appearance  not  unlike  yellow,  pink,  and 
white  roses.  The  cotton  fibers  are  attached  to  the  seeds, 
serving  as  a  protection  for  them.  The  seeds  are  separated 
from  the  cotton  fibers  by  machinery.  The  fibers  are  made 
into  a  thread  or  cloth.  The  oil  from  the  seeds  is  used  to 
make  oleomargarine  or  other  food  substances,  and  what 
is  left  is  fed  to  animals  of  the  farm. 

Sugar  cane  too  was  grown  in  ancient  India.  Neither 
the  ancient  Romans,  Greeks,  Egyptians,  nor  Babylonians 
had  any  sugars  except  honey  and  fruit  Sugar  cane  als0 
juices.  Sugar  cane  was  introduced  into  comes  from  ancient 
Europe  by  the  Arabs  during  the  Middle  India 
Ages.  Used  first  as  a  medicine,  it  later  came  into  more 
common  use  as  a  luxury  for  the  rich.  With  the  opening  of 
the  New  World  it  was  brought  into  the  West  Indies,  where 
it  proved  especially  well  adapted  to  the  new  soil  and  climate. 
And  because  it  was  well  adapted  to  these  islands,  it  was 
raised  there  in  larger  and  larger  quantities.  Soon  rich  and 
poor  alike  could  have  sugar.  Between  1821  and  1921  the 
yearly  amount  of  sugar  used  per  person  in  the  United  States 
increased  from  eight  pounds  to  eighty  pounds. 

Sugars  are  pure  carbohydrates.  They  therefore  contain 
only  the  chemical  elements  carbon,  hydrogen,  and  oxygen. 
There  are  several  different  sugars.  That  most  abundant  in 
sugar  cane  and  sugar  beets  is  known  as  sucrose,  C12H22O11. 
Honey  and  fruit  juices  contain  a  sugar  called  glucose,  which 
has  the  formula  C6H12O6.  Sucrose  is  obtained  commercially 
from  sugar  cane,  from  sugar  beets,  and  from  the  sugar 
maple.  Glucose  is  made  from  starch.  The  familiar  corn 
sirup  is  chiefly  glucose  made  from  cornstarch. 

Sugar  cane  is  a  tall-growing  perennial  native  to  the 
tropics.  It  is  a  member  of  the  grass  family.  It  belongs 
to  the  same  plant  group  as  the  bamboo,  which  it  greatly 
resembles  in  appearance.  The  cane  plant  has  a  round 
jointed  stalk,  1  to  2\  inches  thick,  which  grows  to  a  height 
of  from  6  to  24  feet.  At  the  joints  are  lines  called  nodes, 
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Fig.  7.  Sugar  Cane  is  a  Tall-growing  Perennial  Native  to  the  Tropics 

A,  the  inside  of  the  sugar  cane,  is  a  mass  of  fibro vascular  bundles.  The  cane 
juice  is  extracted  by  crushing  it.  B,  on  each  node  of  the  sugar-cane  plant  is  a 
bud,  or  sucker,  which  when  planted  produces  a  new  plant.  Following  the  text, 
can  you  find  a  node  and  an  internode  ?  C,  stalks  of  cane.  On  a  sugar-cane  plan¬ 
tation  at  the  time  of  the  maturity  of  the  plants,  one  sees  acres  of  them  stretching 
as  far  as  the  eye  can  see 


and  the  piece  of  cane  between  two  joints  is  called  the  in¬ 
ternode.  On  each  node  there  is  a  bud,  inclosed  in  a  small 
sheath.  They  are  the  suckers  which  when  planted  pro¬ 
duce  new  canes. 

As  the  plant  grows,  it  sends  out  long  narrow  leaves 
from  opposite  sides  of  the  nodes  in  a  graceful  sweeping 
effect.  These  leaves  are  from  1  to  2f  inches  wide,  from  If  to 
4  feet  long,  and  are  arranged  in  two  rows  spaced  alternately 
in  the  same  manner  that  spikes  are  set  in  telegraph  poles 
to  help  the  men  who  must  climb  them.  As  growth  pro¬ 
gresses,  the  lower  leaves  drop  off,  leaving  the  naked  jointed 
stalk.  At  the  maturity  of  the  plant,  only  the  leaves  at  the 
very  upper  end  of  the  cane  still  remain.  At  this  point  a 
triangular-shaped  tassel  of  blossoms  sprouts  from  among 
those  leaves.  The  natives  say  the  plant  "shoots  a  spike.” 
When  this  happens,  the  planter  knows  that  the  cane  is  just 
about  ready  to  be  harvested. 
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The  inside  of  the  cane  is  soft,  white,  and  spongy.  As 
shown  in  Fig.  7,  A,  it  consists  of  a  mass  of  threadlike 
strings,  or  fibrovascular  bundles,  running  through  a  spongy 
material  similar  to  that  found  in  the  center  of  a  cornstalk. 
This  mass  is  saturated  by  a  sweet  liquid,  the  cane  juice  of 
commerce. 

As  sugar  cane  is  a  tropical  plant,  it  demands  for  success¬ 
ful  cultivation  a  hot,  or  at  least  a  very  warm,  climate. 
It  may  be  raised  in  regions  near  sea  level  between  latitudes 
35  degrees  north  and  35  degrees  south  of  the  equator.  It 
must  have  a  long  growing  season ;  a  good,  rich,  loam  soil  ; 
plenty  of  moisture,  naturally  or  artificially  obtained ;  and 
good  drainage.  Let  us  see  why  these  things  are  so  necessary. 

It  takes  from  nine  to  eighteen  months  for  sugar  cane  to 
come  to  maturity.  During  the  greater  portion  of  that  time 
the  juice,  which  is  to  us  the  important  part  of  the  plant, 
has  little  if  any  sugar  content.  It  is  merely  a  watery  sap 
whose  purpose  is  to  help  the  plant  to  grow  by  carrying  food 
to  all  its  parts.  Not  until  the  plant  has  reached  maturity 
does  the  building  up  of  the  sugar  content  begin.  At  this 
time  the  plant  is  making  more  food  than  it  is  using,  and 
so  stores  some  of  it  away  in  the  sap  in  the  form  of  sugar. 
This  process  must  continue  for  many  weeks  in  the  presence 
of  sunlight  and  heat  before  the  cane  has  stored  enough  sugar 
to  be  fit  for  cutting.  There  must  be  a  warm  season,  then,  of 
sufficient  length  to  permit  all  these  operations  to  go  forward. 

New  cane  crops  are  obtained  in  three  ways :  by  planting 
seed,  by  planting  suckers,  and  by  what  is  known  as  the 
ratoon  method. 

Growing  sugar  cane  from  seed  is  not  a  popular  method, 
because  it  is  slow  and  unreliable.  At  the  present  time 
raising  cane  from  seed  is  done  chiefly  for  purposes  of  ex¬ 
periment  in  an  endeavor  to  obtain  new  and  possibly  im¬ 
proved  varieties. 

The  second  method  of  obtaining  a  new  cane  crop  is  by 
planting  suckers.  You  have  learned  that  a  bud,  or  sucker, 
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is  found  at  each  node,  or  joint,  of  the  sugar-cane  plant.  A 
mature  cane  is  cut  into  lengths  of  four  or  five  nodes  each. 
A  shallow  ditch,  or  trench,  about  four  inches  deep  and  three 
inches  wide  is  prepared,  and  the  severed  sections  of  cane 
are  laid  in  it  horizontally,  with  the  buds  uppermost.  They 
are  then  covered  with  two  inches  of  dirt.  In  ten  days  or  so 
the  new  plants  begin  to  appear. 

As  you  proceed  with  your  studies  in  plant  growth  you 
will  discover  other  plants  that  may  be  grown  from  single 
small  sections  of  a  "parent”  plant.  A  piece  of  stem  or 
root  or  even  a  leaf,  under  satisfactory  conditions,  may 
grow  into  a  complete  new  plant.  A  few  cells,  adapting 
themselves  to  new  conditions,  become  roots  or  leaves  of 
the  new  plant.  Such  a  method  of  reproduction,  or  produc¬ 
tion  of  new  plants,  is  called  vegetative  reproduction  to  dis¬ 
tinguish  it  from  reproduction  by  means  of  seeds. 

The  third  method  of  replacing  a  cane  crop  is  by  the  use 
of  ratoons.  This  term  requires  definition.  When  cane  is 
harvested  the  stalk  is  cut  to  within  one  or  two  inches  of 
the  ground.  The  root  system  remains  undisturbed.  From 
this  old  root  system  other  cane  plants  shoot  out  without 
further  attention  from  any  human  agency.  The  new  canes 
grown  from  the  old  roots  of  the  previous  crop  are  called 
ratoons.  Cane  raised  by  the  ratoon  method  does  not  have 
the  same  high  quality  as  the  crop  produced  from  suckers. 
It  produces  less  sugar  per  acre.  But  the  loss  by  lowering  in 
quality  is  amply  made  up  by  the  time  and  labor  saved  in 
planting.  After  several  ratoons,  however,  the  poorer  quality 
is  so  marked  that  the  old  roots  must  be  taken  up  and  new 
canes  planted. 

Several  destructive  agencies  work  against  the  successful 
cultivation  of  sugar  cane.  Fortunately,  however,  they  do 
not  usually  occur  together ;  so  enemies  in  one  section  are 
not  troublesome  in  another.  In  Hawaii,  for  instance,  the 
main  attackers  are  the  leaf  hopper  and  the  cane-borer, 
while  in  the  West  Indies  the  particular  enemies  are  rats, 
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ants,  hurricanes,  and  one  kind  of  rot.  Experiments  in  con¬ 
trol  are  being  made  constantly,  and  so  far  the  foes  of  sugar 
cane  have  been  kept  in  check. 

Cane  is  about  85  to  88  per  cent  juice  and  from  12  to 
15  per  cent  fiber.  The  sugar  recoverable  from  a  given 
amount  of  the  cane  is  from  10  to  15  per  cent  of  the  weight 
of  its  juice.  These  quantities  vary  according  to  the  speci¬ 
mens  used. 


C.  What  Crops  have  been  brought  under  Cultivation 
since  the  Beginning  of  History? 

The  crops  which  we  have  described,  together  with  flax, 
rice,  barley,  millet,  and  a  few  others,  have  been  cultivated 
in  some  part  of  the  world  since  prehistoric  periods.  In 
some  cases  the  original  wild  ancestor  of  the  plant  is  un¬ 
known,  although  of  course  there  must  have  been  one.  Nor 
do  we  know,  except  in  a  general  way,  how  these  plants 
came  to  be  cultivated. 

Let  us  now  consider  some  crops  which  have  been  brought 
under  cultivation  more  recently.  Among  the  most  im¬ 
portant  is  the  potato.  White  potatoes  Potatoes  were 
grew  wild  in  tropical  America  before  they  raised  by  the 
were  cultivated  by  the  Indians.  Several  Ind,ans 
wild  varieties  are  still  found  throughout  South  and  Central 
America.  Another  is  found  in  Colorado,  bearing  tubers,  or 
potatoes,  about  the  size  of  marbles.  Potatoes  were  unknown 
in  Europe  until  the  sixteenth  century,  when  they  were 
carried  back  both  by  Spanish  and  by  English  explorers. 
Today  as  a  world  crop  potatoes  rival  rice  and  wheat. 
About  six  billion  bushels  are  raised  each  year. 

The  size  of  the  potato  has  increased  considerably  under 
recent  cultivation.  Look  at  Fig.  8,  b.  A  writer  of  the  seven¬ 
teenth  century  describes  potato  plants,  then  grown  as  a 
luxury  in  Virginia,  as  having  potatoes  "as  large  as  a  walnut 
and  some  larger.” 
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Fig.  8.  The  Size  of  the  Potato  has  increased  considerably  under  Recent 

Cultivation 

a,  the  white-potato  plant  with  its  underground  crop ;  b,  relative  size  of  the  cul¬ 
tivated  and  the  wild  potato ;  c,  a  piece  of  potato  showing  eyes  from  which  new 
plants  may  be  grown 

The  white-potato  plant  shown  in  Fig.  8,  a ,  develops  slender 
underground  branches,  upon  the  ends  of  which  grow  the 
tubers,  or  potatoes.  These  tubers  are  swollen  underground 
stems  in  which  is  stored  starch  made  by  the  plant.  The 
eyes  of  the  potatoes  are  leaf  buds. 

It  has  been  found  that  when  the  seeds  from  the  flowers 
of  a  potato  plant  are  sown,  the  seedlings  almost  always 
turn  out  inferior  to  the  parent  plant ;  they  seem  like  their 
ancestor  the  wild  potato.  Consequently,  potatoes  are  usu¬ 
ally  grown  from  cuttings,  for  which  pieces  of  the  tubers 
of  the  previous  year  are  used.  Each  piece  of  tuber  cut  for 
this  purpose  must  contain  at  least  one  eye.  Each  eye,  as 
shown  in  Fig.  8,  c,  may  produce  a  new  plant.  As  in  the  case 
of  sugar  cane,  a  complete  new  plant  will  grow  from  just  a 
small  piece  of  the  old. 
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American  Sugar  Beet  Company 

Fig.  9.  The  Juice  of  the  Sugar  Beet  is  an  Important  Source  of  Part  of  the 
World’s  Sugar  Supply 

At  the  left,  the  sugar  beet ;  at  the  right,  a  crop  of  such  beets  ready  for 
the  harvest 

Potatoes  may  be  grown  in  regions  too  moist  and  cool  for 
other  crops  of  like  food  value.  They  also  yield  more  calo¬ 
ries  of  food  per  acre  than  most  other  crops. 

Sugar  beets,  pictured  in  Fig.  9,  offer  an  illustration  of 
a  crop  that  has  been  developed  recently,  a  crop  that  was 
produced  in  answer  to  a  very  definite  need. 

In  1747  in  Germany  a  chemist,  Andreas  Marggraf,  dis¬ 
covered  that  beets  contain  sugar  of  the  same  chemical 
composition  as  cane  sugar.  This  is  sucrose,  c  ,  „ 
C12H22O11,  which  we  mentioned  before,  developed  because 
But  beets  can  be  grown  in  the  temperate  of  a  definite  need 
zone.  What  a  find  for  the  Germans !  They  could  now  pro¬ 
duce  their  own  sugar  and  be  independent  of  the  tropical 
crops  of  other  nations.  They  lost  no  time  in  doing  so. 

At  first  the  amount  of  sugar  that  could  be  extracted 
from  beets  was  small.  So  men  interested  in  the  develop- 
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ment  of  better  plants  set  to  work  to  watch  their  beets 
closely  and  to  select  seeds  each  year  from  beets  yielding 
the  most  sugar.  Each  year  their  beets  became  sweeter. 

A  pupil  of  Marggraf  s  established  a  sugar-beet  factory. 
A  generation  later  the  Napoleonic  wars,  by  cutting  off  cane- 

sugar  sources  of  supply, 
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made  the  industry  grow 
at  an  unusual  rate. 

The  quantity  of  cane 
sugar  produced  in  the 
world  is  about  twice  the 
quantity  of  beet  sugar. 

Fig.  10  shows  increase 
in  use  of  sugar  in  the 
United  States  since  1850. 
The  population  of  the 
United  States  in  1850 
was  about  twenty  three 
million.  Use  was  then 
at  the  rate  of  about  18 
pounds  a  year  per  person. 
In  1920  the  population 
was  about  105  millions. 
In  1920  use  of  sugar  was 
at  the  rate  of  about  92 
pounds  per  person. 

There  are  two  important  by-products  from  the  sugar 
beets.  These  are  the  tops,  and  the  pulp  that  is  left  after 
the  juice  has  been  extracted.  Both  are  fed  to  cattle. 

Rubber  is  another  product  of  modern  times.  When 
Columbus  came  to  America  he  found  Indian  children  play- 
^  , ,  .  ing  with  rubber  balls.  He  had  never  heard 

raised  on  planta-  of  rubber.  But  even  if  he  had,  even  if 
tl0ns  rubber  trees  had  grown  commonly  in  the 

fields  of  Europe,  perhaps  no  one  would  have  found  any 
very  important  use  for  them.  Although  we  have  dis- 
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Fig.  10.  The  Use  of  Cane  Sugar  in  the 
United  States  still  leads  that  of  Beet 
Sugar 

Can  you  find  any  evidence  here  that  man’s 
use  of  sugar  has  increased  ? 
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covered  a  surprisingly  large  number  of  uses  for  rubber,  — 
rubber  shoes,  rubber  coats,  erasers,  elastic  goods,  rubber 
cement,  and  many  others,  —  it  is  the  automobile  that  has 
made  rubber  a  necessity.  Some  of  the  uses  of  rubber  are 
due  to  the  fact  that  it  is  waterproof ;  others  to  the  fact  that 
it  is  highly  elastic. 

Until  shortly  before  the  Great  War  most  of  the  world’s 
rubber  was  obtained  from  the  rubber  trees  that  grew  wild 
in  various  parts  of  the  tropics,  especially  in  Brazil.  Rubber 
trees  belong  essentially  to  the  rain  forest.  They  grow  to 
large  size  and  great  age,  but  may  be  scattered  through  the 
forest  at  distances  perhaps  miles  apart.  In  the  early  stages 
of  the  rubber  industry  the  natives  slashed  the  bark  and 
collected  the  milky  fluid  which  leaked  out  from  the  cuts. 
This  they  made  into  balls  of  rubber.  For  a  while  this  proc¬ 
ess  met  the  needs  satisfactorily.  But  soon  the  demand  for 
rubber  became  greater  than  the  supply.  Slave-drivers  drove 
the  natives  without  mercy;  in  the  Belgian  Congo  especi¬ 
ally  the  natives  suffered  tortures  in  the  white  man’s  at¬ 
tempts  to  keep  up  with  the  demand. 

Something  had  to  be  done.  There  appeared  to  be  three 
possibilities :  another  natural  material  might  be  found  that 
had  the  same  qualities  as  rubber ;  an  artificial  rubber  might 
be  invented ;  a  greater  supply  of  the  familiar  type  of 
rubber  might  somehow  be  secured.  All  three  possibilities 
were  investigated. 

The  third  method  has  so  far  proved  the  most  successful. 
The  British  and  the  Dutch  began  to  plant  Brazilian  trees 
in  the  East  Indies.  The  outcome  of  the  attempt  was 
favorable.  In  the  early  1920’s  a  leading  American  tire- 
producer  leased  a  million  acres  of  land  in  Liberia,  on  the 
west  coast  of  Africa,  for  the  same  purpose  and  with  the 
same  success.  The  British  and  Dutch  East  India  planta¬ 
tions  have  been  especially  prosperous.  In  them  the  whole 
industry  has  been  revised.  The  trees  are  planted  close  to¬ 
gether  so  that  long  journeys  from  tree  to  tree  are  avoided. 
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What  nations  control  the  principal  output  ? 


Trained  rubber-tappers,  intelligent  and  well  paid,  do  the 
work  formerly  done  by  unskilled  half-civilized  savages. 
The  old  process  of  preparing  the  rubber  has  given  way  to 
modern  methods  that  not  only  produce  better  rubber  for 
the  manufacturer,  but  produce  it  at  a  cheaper  rate. 

In  the  year  1934  the  world  used  nearly  one  million  tons 
of  rubber.  An  increasingly  greater  part  of  the  rubber  comes 
from  the  cultivated  trees.  Today  Brazil  exports  less  than 
5  per  cent  of  the  world's  crop.  In  Fig.  11  is  a  world  map 
showing  the  principal  sources  of  rubber.  What  conclusions 
can  you  draw  from  it  as  to  the  conditions  necessary  for 
cultivation  ? 

Parallel  to  a  certain  extent  to  the  development  that  led 
to  the  production  of  plantation  rubber  is  the  modern  pro¬ 
duction  of  quinine,  which  is  made  from  the  bark  of  the 
cinchona  tree,  shown  in  Fig.  12,  A.  These  trees  grow  wild 
in  the  forests  of  Ecuador,  Peru,  and  Bolivia,  in  the  moun¬ 
tainous  regions  a  mile  or  more  above  sea  level. 
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Fig.  12.  The  Cinchona  Tree  is  now  cultivated  because  of  its  Value 
in  Medicine 

A,  cinchona  grove ;  B,  the  bark  from  which  quinine  is  extracted ;  C,  quinine 

Ever  since  it  was  discovered  that  quinine  would  cure 
malaria,  the  Indian  natives  have  been  hunting  out  cinchona 
trees,  cutting  the  bark  from  them,  and  drying  and  selling 
it.  As  a  result  many  of  the  trees  have  been  destroyed. 
About  the  year  1860  some  young  cinchona  trees  were  taken 
from  South  America  by  the  Dutch  and  planted  in  the  East 
Indies.  Today  the  Dutch  have  almost  complete  control 
over  the  quinine  market. 
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Keystone 

Fig.  13.  Blueberries  are  now  grown  in  Cultivated  Patches 
Cultivated  berries  are  better  than  wild  ones 


D.  What  are  a  Few  of  the  Uncultivated  Plants 
we  use  Today? 

People  who  live  in  the  country  know  a  number  of  weeds 
that  make  good  greens  —  better  than  spinach  or  beet  tops, 
« Garden  greens”  they  say.  Have  you  ever  eaten  milkweed 
are  usually  wild  boiled  with  a  bit  of  salt  pork?  Do  you 
know  the  taste  of  wild  mustard,  of  the  young  spring  shoots 
of  brake  ferns,  of  pusley,  dock,  pigweed,  or  cowslips? 
Glad  indeed  is  the  rural  housewife  when  she  can  pick  her  first 
basket  of  wild  greens  in  the  springtime.  And  the  city  dweller 
who  has  never  eaten  them  has  missed  a  pleasant  experience. 

There  are  blueberries  too.  Nearly  all  the  blueberries 
in  city  markets  are  picked  by  women  and  children  in 
Most  blueberries  patches  located  along  the  Atlantic  sea- 
are  wild  board.  One  is  shown  in  Fig.  13.  Perhaps 

during  a  summer  vacation  on  a  farm  in  New  Hampshire  or 
New  Jersey  you  have  armed  yourselves  with  baskets,  pails, 
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and  sun  hats  and  gone  blueberrying.  It  is  fun  the  first 
time  you  go  blueberrying.  It  may  be  fun  even  two  or  three 
times  a  season ;  but  if  you  are  a  country  boy  or  girl,  sent 
out  day  after  day 
during  July,  August, 
and  early  Septem¬ 
ber  to  fill  a  peck  or 
perhaps  a  half-bushel 
basket  in  the  hot  sun, 
on  the  treeless  slope  of 
a  hill  or  near  a  swamp 
with  many  mosquitoes 
and  blackflies  buzzing 
around,  you  may  not 
find  it  quite  so  much 
fun.  You  may  wish 
that  blueberry  bushes 
were  nearer  together 
and  that  the  berries 
were  all  big  and  sweet 
and  thick  upon  the 
bush  and  easy  to  pick. 

Some  such  day¬ 
dream  is  being  turned 
into  fact  right  now, 
for  in  certain  limited 
areas  blueberries  are 
being  cultivated.  Cul¬ 
tivated  blueberries  are  usually  larger,  sweeter,  thicker  on 
the  bush,  and  much  easier  to  pick  than  those  found  wild. 

There  is  a  product  of  the  northern  woods  in  which  boys 
and  girls  are  especially  interested.  This  is  maple  sugar. 
Each  spring,  or  perhaps  only  once  in  two  years,  boys  and 
men  go  out  to  the  sugar  maples,  also  called  rock  maples, 
and  drill  holes,  or  "taps,”  in  them,  as  shown  in  Fig.  14. 
At  that  time  of  year  the  sap  is  passing  up  and  down  the 


Notice  the  timesaving  pipe  line  to  the 
main  sugar  house 


Fig.  14.  Maple  Sugar  is  boiled  down  from 
the  Sap  of  the  Sugar  Maple 
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sap  ducts,  or  tubes,  in  the  inside  part  of  the  bark  of  the 
tree.  Some  of  it  flows  out  through  the  taps  and  is  caught 
n*  ,  in  pails.  When  the  sap  is  "boiled  down,” 

Maple  sugar  comes  ^  ^  > 

from  trees  in  the  or  evaporated,  the  sugar  remains.  As  yet 

forest  we  have  not  found  it  worth  while  to  culti¬ 

vate  these  sugar  maples  in  the  same  sense  that  we  culti¬ 
vate  beets  or  sugar  cane.  Nevertheless  they  are  well 
cared  for  and  tapped  only  with  moderation.  A  tree  must 
be  about  thirty  years  old  before  it  is  large  enough  to  be 
tapped. 

The  sap  of  a  tree  or  other  plant  is  the  liquid  in  which 
food  is  circulated.  The  sap  carries  dissolved  mineral  sub¬ 
stances  absorbed  through  the  roots  from  the  soil.  It  also 
carries  sugar  and  other  soluble  foods  that  have  been  made 
in  the  leaves.  It  carries  them  to  other  parts  of  the  plant 
where  they  are  needed  for  growth  and  energy. 

Another  wild-plant  product  of  a  different  sort  is  chaul- 
moogra  oil,  already  mentioned  as  a  cure  for  leprosy.  In  the 

A  cure  for  leprosy  early  yearS  °f  the  twentieth  Century  Brit- 

ish  doctors  in  India  noticed  that  the  na¬ 
tives  were  using  the  oil  from  a  certain  seed 
to  cure  leprosy.  It  seemed  to  be  effective.  The  doctors 
tried  to  find  out  where  these  seeds  were  produced.  The 
natives  either  did  not  know  or  did  not  wish  to  tell.  Finally, 
however,  the  seeds  were  traced  to  trees  growing  in  north¬ 
eastern  Burma.  Large  numbers  of  seeds  have  been  taken 
from  these  trees.  The  oil  has  been  extracted  from  them  and 
concentrated,  and  many  lepers  have  been  cured  by  means  of 
it.  But  the  supply  is  limited,  and  it  is  very  hard  to  get  at. 
So  the  next  step  in  the  conquest  of  leprosy  appears  to  be 
more  and  more  chaulmoogra  trees  in  locations  easier  to 
reach.  As  in  the  case  of  rubber  and  cinchona  this  may 
mean  plantations  of  chaulmoogra  trees  in  the  very  near 
future. 

In  this  catalogue  of  plants  you  may  be  surprised  that  we 
have  given  little  space  to  the  trees  that  are  used  for  lumber. 


comes  from  the 
forests  of  India 
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That  is  because  they  are  of  such  importance  that  they  must 
be  considered  separately  in  a  later  chapter. 

These  few  plants  that  have  been  mentioned  are  of  course 
only  a  small  number  of  the  wild  plants  of  the  world  that 
are  of  value  to  man,  but  they  will  serve  as  well  as  a  fuller 
list  to  illustrate  a  world- wide  truth.  Wherever  and  when¬ 
ever  plants  have  become  economically  important  to  man, 
he  has  sought  ways  of  cultivating  and  improving  them. 
He  has  studied  their  needs,  their  habits  of  growth,  and 
their  fruits.  He  has  watched  them  and  toiled  over  them 
in  order  to  enjoy  their  products. 


E.  Why  has  there  been  an  Increasing  Need  for 
Cultivating  and  Developing  Plants? 

Let  us  look  backward  for  a  moment.  In  the  Stone  Age, 
a  hundred  thousand  years  ago,  there  were  very  few  people 
in  the  world.  Even  at  the  dawn  of  recorded  ™  e 

there  were  few 

history  the  human  race  probably  numbered  people  in  the  Stone 
less  than  one  million  individuals,  the  popu-  Age 
lation  of  a  single  large  city  today.  These  people  could  and 
did  wander  about  from  place  to  place.  You  have  learned 
in  your  history  classes  about  the  huge  waves  of  migration 
that  followed  one  upon  another  in  Europe.  You  know  of 
much  later  migrations  across  the  Atlantic,  and  of  com¬ 
paratively  recent  migrations  westward  across  the  United 
States.  What  has  been  the  chief  reason  for  this  moving 
about?  In  nearly  every  case  it  was  that  food  became 
scarce  in  the  old  environment  or  that  the  soil  was  worn 
out.  What  happened  if  there  were  people  already  living 
in  the  new  lands?  The  roving  tribe  or  nation  killed  them 
or  made  slaves  of  them  and  took  their  lands  away  from 
them.  Not  fair,  you  say?  No,  but  true  nevertheless.  As 
man  has  spread  over  the  face  of  the  earth,  he  has  carried 
with  him  seeds  from  his  former  homes  and  raised  crops 
from  them.  In  addition  he  has  found  new  plants  and  new 
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kinds  of  seeds  in  his  new  homes.  These  he  has  used  also. 
But  they  have  not  been  enough  for  his  needs.  All  the  time 
he  has  schemed  and  struggled  to  raise  larger  crops  on  less 
land.  The  population  increased.  As  people  began  to  settle 
down  and  live  in  groups  or  communities,  fewer  of  them 
were  killed;  for  farming  is  a  less  dangerous  occupation 
than  hunting.  Individuals  lived  to  be  older  and  produced 
more  young,  who  in  turn  lived  to  maturity. 

By  the  dawn  of  recorded  history  there  were  perhaps  more 
people  in  Egypt  alone  than  there  had  been  in  all  the  world 
in  the  Old  Stone  Age.  This  population  was  supported  from 
the  wheat  and  other  grains  raised  along  the  fertile  banks  of 
the  Nile.  Today  the  population  of  the  world  is  in  the  neigh¬ 
borhood  of  1,900,000,000  —  nearly  two  billion  mouths  to  be 
...  i  .  , ,,  fed,  two  billion  bodies  to  be  clothed  and 

population  is  close  sheltered.  It  takes  a  lot  of  wheat,  a  lot  of 
to  two  billions  corn  an(j  potatoes,  sugar  cane,  rice,  cot¬ 
ton,  and  lumber  to  do  the  job !  With  increase  in  popula¬ 
tion  there  has  come  an  increase  in  food  production.  Today 
there  can  be  plenty  for  all  and  apparently  more  than 
we  need. 

But  still  the  population  increases.  Predictions  have 
been  made  at  various  times  that  the  world's  growing  popu¬ 
lation  will  soon  be  checked  by  the  limits  of  its  food  supply. 
At  present  it  would  seem  that  better  and  better  methods 
of  raising  crops  make  these  predictions  incorrect. 


Wild  plants  have  been  cultivated  (1)  because  increased  de¬ 
mands  have  been  too  great  for  the  natural  supply,  (2)  so  that 
a  nation  would  be  independent  of  other  nations,  (3)  so  that 
the  supply  might  be  near  at  hand,  (4)  because  the  cultivated 
product  could  be  made  superior  to  the  wild  product.  As  popu¬ 
lation  has  increased,  there  has  come  the  need  for  more  food 
and  other  plant  products.  Today  the  earth  supports  nearly 
two  billion  human  beings. 
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Can  You  Answer  these  Questions? 

1.  What  changes  took  place  in  man’s  methods  of  living  after 
he  learned  to  cultivate  plants? 

2.  Was  the  food  of  prehistoric  man  more  or  less  varied  than 
the  food  of  today  ?  Why  do  you  think  so  ? 

3.  What  factors  in  the  development  of  the  cotton  plant  help  to 
explain  why  cotton  is  not  grown  in  all  parts  of  the  United  States  ? 

4.  What  are  the  principal  reasons  why  sugar  cane  requires  a 
very  warm  climate  and  a  long  growing  season  ? 

5.  What  are  the  three  methods  used  for  securing  new  crops 
of  sugar  cane?  How  do  they  differ  from  each  other? 

6.  Why  are  sugar  cane  and  potatoes,  as  well  as  some  other 
crops,  raised  from  cuttings  rather  than  from  seeds? 

7.  Why  has  plantation  rubber  largely  taken  the  place  of  wild 
rubber  during  the  last  generation  or  so? 

8.  What  are  some  reasons  why  the  population  of  the  world 
has  increased  so  greatly  in  the  last  few  thousand  years  ? 


Questions  for  Discussion 

1 .  What  economic  importance  is  there  in  the  fact  that  the  United 
States  owns  about  85  per  cent  of  the  world’s  automobiles  and  yet 
controls  less  than  1  per  cent  of  the  rubber  output  of  the  world  ? 

2.  It  has  been  said  that  man  today  can  raise  more  than 
sufficient  foodstuffs  to  supply  the  needs  of  all.  Do  you  be¬ 
lieve  that  this  is  so?  If  it  is,  why  should  we  have  thousands 
of  people  hungry  and  even  starving?  WThy  should  many  people 
be  undernourished? 

3.  Chemists  have  found  a  substance  called  saccharine,  which 
is  three  hundred  times  sweeter  than  cane  sugar.  Why  does 
not  man  use  this  rather  than  go  to  all  the  trouble  of  producing 
cane  or  beet  sugar? 

4.  What  evidence  can  you  think  of  which  would  support  the 
statement  that  agriculture  is  more  ancient  than  history? 
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Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  some  of  the  plants  cultivated  by  the 
American  Indian.  Read  Columbus  came  Late,  by  Gregory  Mason. 

2.  Make  a  wall  chart  showing  the  original  homes  of  various 
cultivated  crops.  You  may  get  some  help  from  Parker  and 
Cowles’s  Book  of  Plants . 

3.  Make  a  list  of  plant  products  used  in  medicine.  Ask  a 
druggist  to  help  you.  You  might  like  to  report  to  class  on  some 
of  the  things  you  have  found. 

4.  From  time  to  time  man  has  tried  to  find  new  sources  of 
rubber  supply.  Among  the  plants  he  has  tried  to  use  are  the 
milkweed  and  the  Mexican  plant  called  guayule.  See  what 
you  can  find  out  about  man’s  success  along  these  lines.  Pos¬ 
sibly  you  may  find  some  other  plants  which  he  has  tried  to  use. 

5.  See  if  you  can  find  out  why  wheat  has  been  called  the 
"staff  of  life.’’  Should  you  say  that  this  is  true  today?  Your 
findings  might  be  presented  in  class  as  a  talk  or  as  a  written 
report.  You  might  wish  to  prepare  a  number  of  graphs  show¬ 
ing  the  relative  importance  of  wheat  and  corn  as  two  of  our 
principal  cereal  crops  in  comparison  with  other  grain  crops. 
You  can  secure  your  information  from  various  references,  in¬ 
cluding  the  World  Almanac  and  the  Statistical  Abstract  of  the 
United  States. 

6.  Count  the  number  of  eyes  in  a  potato.  Place  this  potato 
in  moist  soil  in  a  warm  place.  Keep  the  soil  moist  but  not  too 
wet.  Observe  the  relationship  between  the  number  of  new  plants 
and  the  number  of  eyes.  As  the  plants  grow,  what  happens  to 
the  old  potato? 

7.  Plant  a  sweet  potato  in  a  similar  manner.  From  wThat 
part  of  the  potato  do  the  new  plants  come  ?  What  is  the  function, 
or  purpose,  of  the  food  stored  in  the  sweet  potato? 

8.  Place  clippings  of  willow  or  poplar  in  a  bottle  of  water. 
Could  you  produce  new  trees  by  this  method? 

9.  Place  some  cuttings  of  geranium  or  begonia  in  moist 
sandy  soil.  Cover  the  soil  to  prevent  drying.  Can  you  produce 
new  plants  in  this  way? 


Chapter  II  •  How  have  we  developed  New 
Plants  and  New  Varieties  of  Plants? 

"  New  ten-thousand-dollar  nasturtium  goes  to  flower  shows 
in  Europe.  Plant  winning  highest  honors  in  United  States 
to  be  exhibited  in  Holland,  France,  and  London.  Burpee 
double  hybrid  developed  in  eleven  months.”  This  news 
item  appeared  in  a  leading  paper  one  spring  day  in  1934. 

In  the  same  paper,  several  pages  later,  there  were  these 
"garden  notes.” 

Sweet-scented  gladioli  produced  by  scientific  breeding  after 
many  years  of  failure.  The  popular  gladiolus  has  added  a  new 
success.  Scarce  half  a  century  ago  an  obscure  small-flowered 
winter  bulb  grown  chiefly  in  greenhouses,  today  in  diversified 
colors  and  forms  it  is  one  of  our  most  popular  outdoor  flowers. 
These  latest  hybrids  have  the  beauty  of  our  best  garden  varieties 
and  the  pungent  scent  of  their  wild  ancestors. 

Dwarf  iris  blooms  in  autumn.  Iris  growers,  by  careful  selec¬ 
tion  of  types,  have  produced  midgets  for  rock  gardens,  giants 
for  shows,  and  new  varieties  in  color.  Now  hybridizers  produce 
varieties  that  bloom  in  autumn. 

A.  What  are  Hybrids? 

What  do  we  mean  by  hybrid  ?  A  hybrid  is  a  plant  or  an 
animal  derived  from  the  crossing  of  two  distinct  varieties. 
Can  man  produce  new  plants  or  new  varieties  of  old  plants, 
then,  with  any  desired  characteristics,  or  traits,  whenever 
and  wherever  he  may  wish  ? 

The  idea  is  not  new  to  you.  You  may  have  observed  the 
crossing  of  red  and  white  corn  or  of  field  corn  and  pop  corn. 
The  resulting  plants  are  hybrids.  They  Hybrids  are  of 
have  some  of  the  characteristics  of  both  mixed  parentage 
parents  but  are  unlike  either.  Plant  experts  have  tried 
many  kinds  of  experiments  in  crossing.  They  have  pro¬ 
duced  hybrids  by  crossing  potato  and  tomato  plants.  Some 
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Fig.  15.  Mules  are  Hybrids 
Can  you  find  any  resemblances  to  their  parents  ? 

of  the  freaks  thus  obtained  grow  potatoes  above  ground  and 
a  fruit  like  tomatoes  under  ground,  but  others,  alas,  grow 
neither!  Gardeners  have  crossed  petunias  and  tobacco 
plants,  with  results  that  were  apparently  worthless.  They 
have  produced  new  hybrid  wheats,  hybrid  grapefruits,  hy¬ 
brid  walnuts,  far  superior  to  the  parent  plants.  They  have 
made  improvements  to  suit  a  wide  variety  of  human  needs. 

There  are  hybrids  also  in  the  world  of  animals.  The  mules 
(shown  in  Fig.  15)  are  hybrids  —  their  mother  a  mare,  their 
father  a  jackass.  Wild  zebras  have  been  mated  with  horses, 
and  wolves  or  foxes  not  infrequently  mate  with  dogs. 

Hybrids  are  sometimes,  but  not  always,  incapable  of 
producing  offspring,  that  is,  others  of  their  kind.  In  the 
case  of  plants  they  may  lack  seeds  entirely.  If  they  do 
produce  seeds,  however,  these  seeds  are  likely  to  result  in 
still  more  varied  specimens,  unlike  either  parent  and  per¬ 
haps  unlike  the  grandparents'. 
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Another  very  important  way  in  which  new  types  arise 
is  by  a  process  called  mutation.  A  mutation  is  a  change. 
The  organism  produced  by  the  mutation  is  called  a  mutant. 
Mutants  are  produced  by  variations  which  suddenly  appear 
in  the  organism,  and  they  have  nothing  to  do  with  cross¬ 
breeding.  Mutants,  or  "sports,”  will  breed  true  to  type, 
and  in  this  way  many  new  varieties  are  formed.  For 
example,  the  Ancon  breed  of  sheep,  a  short-legged  type, 
arose  suddenly  as  a  mutant  in  a  normal  flock  of  sheep. 

Since  man  has  little  or  no  control  over  the  production  of 
mutants,  this  matter  will  not  be  considered  at  length  in  this 
chapter. 

B.  How  are  Hybrids  Produced? 

Natural  hybrids  may  appear  when  plants  or  animals  of 
two  closely  related  groups  that  will  interbreed  live  fairly 

near  together.  Such  hybrids  are  being  Hybrids  may  result 
produced  all  the  time.  Many  of  them  are  under  natural 
less  well  fitted  to  the  environment  in  which  condltlons 
they  find  themselves  than  are  their  parents.  More  often 
than  not  they  die  without  leaving  any  descendants.  But 
occasionally  there  appears  a  hybrid  that  is  better  adapted 
to  its  environment  than  either  of  the  two  groups  of  plants 
or  animals  to  which  its  parents  belonged.  In  this  case  it 
will  probably  live  and  may  produce  offspring.  Some  of  the 
offspring  may  be  superior  individuals.  These  superior  in¬ 
dividuals  may  in  turn  produce  other  superior  individuals. 
A  succession  of  superior  individuals  may  within  a  few  gen¬ 
erations  crowd  out  the  older  stock  altogether.  Hybrids, 
of  course,  usually  do  not  breed  true  to  type.  However, 
if  the  hybrid  type  happens  to  fit  the  particular  environ¬ 
ment  better  than  the  parent  types  do,  then  it  may  endure, 
whereas  the  parent  types  may  be  crowded  out;  that  is, 
natural  selection  occurs.  There  are  illustrations  of  such  suc¬ 
cessful  natural  crosses  in  the  different  varieties  of  pigeons, 
butterflies,  primroses,  wheat,  blueberries,  and  ducks. 
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Another  successful  hybrid,  the  London  plane  tree,  which 
is  now  commonly  sold  by  nurserymen  in  America  under  the 
name  of  Oriental  plane,  is  supposed  to  be  a  natural  hy¬ 
brid  between  our  native  sycamore  and  the  true  Oriental 
plane.  It  is  an  especially  rapid  grower  and  makes  a  good 
shade  tree  for  city  streets. 

What  lies  behind  this  process  of  hybridizing?  What 
makes  any  offspring,  either  plant  or  animal,  what  it  is? 
In  your  earlier  work  in  science  you  learned  that  with  few 
exceptions,  and  these  among  the  lower  forms  of  life,  an 
An  individual  has  individual  plant  or  animal  has  two  par- 
two  parents  ents,  one  male  and  one  female.  Each 

parent  contributes  certain  characteristics  to  the  sum  total 
of  characteristics  of  the  offspring.  Consider  a  chick  whose 
father  was  white  and  whose  mother  was  red.  The  chick 
might  be  either  red  or  white.  Ail  would  depend  upon  the 
workings  of  heredity.  Or  consider  a  grain  of  wheat  pro¬ 
duced  as  a  cross  between  two  well-known  varieties,  Red 
Fife  and  Hard  Red  Calcutta.  It  might  produce  a  plant 
that  would  ripen  early  like  the  Calcutta  and  yield  abun¬ 
dantly  like  the  Red  Fife.  It  might,  on  the  other  hand, 
produce  a  plant  that  would  ripen  late  like  the  Red  Fife 
and  yield  little  or  nothing  like  the  Calcutta.  In  either  case 
its  characteristics  would  be  inherited  from  its  parents. 

The  structures  for  passing  on  the  characteristics  from  one 
generation  to  the  next  are  found  in  the  egg  cell  and  sperm 
cell  which  unite  to  form  a  new  individual. 
Hereditary  char-  jn  a  flowering  plant  the  sperm  cells  are 
ried  from  one  carried  in  pollen  grains.  The  egg  cells  are 
generation  to  the  contained  in  the  ovules  which  are  located 
in  the  ovary  at  the  base  of  the  pistil.  Be¬ 
fore  a  seed  can  be  produced,  a  sperm  cell  from  a  pollen  grain 
must  combine  with  the  egg  cell  within  the  ovule.  This  com¬ 
bination  produces  a  fertilized  egg,  and  from  the  fertilized 
egg  the  seed  develops.  Under  normal  conditions  a  new 
plant  will  grow  from  the  seed. 
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The  parts  of  a  flower  are  shown  in  Fig.  16.  Pollen  is  pro¬ 
duced  in  the  anthers  which  form  on  the  ends  of  the  stamens. 
The  end  of  the  pistil  is  the  stigma.  The  ovary  is  the  en¬ 
larged  base  of  the  pistil.  The  process  by  which  pollen  is 
transferred  from  the  anther  to  the  stigma  is  called  pollina¬ 
tion.  The  process  in  which  sperm  cell  and  egg  cell  unite  is 
called  fertilization.  Obviously  pollination  must  take  place 
before  fertilization  can  take  place. 

Some  flowers  may  be  self-pollinated ;  others  are  always 
cross-pollinated.  In  self-pollination  the  process  takes  place 
by  the  transfer  of  pollen  from  the  anther  of  Some  plants  are 
one  flower  to  the  stigma  of  the  same  flower,  self-pollinated 
In  this  case  the  sperm  cell  and  the  egg  cell  with  which  it 
combines  are  both  produced  by  the  same  flower.  In  cross¬ 
pollination  there  is  transfer 
of  pollen  from  an  anther  of 
one  flower  to  the  stigma  of 
another.  In  this  case  the 
sperm  cell  and  the  egg  cell 
with  which  it  combines  are 
produced  by  different  flowers. 

These  two  processes  are  illus¬ 
trated  in  Fig.  16.  In  the 
study  of  heredity  and  plant¬ 
breeding  it  is  important  to  see 
clearly  the  difference  between 
cross-pollination  and  self- 
pollination. 

Within  the  sperm  and  egg 
cells  are  the  carriers  of  hered¬ 
ity.  They  are  the  chromo¬ 
somes.  They  may  be  seen  and 
counted  with  a  good  micro¬ 
scope.  Fig.  17  is  a  photograph 
showing  chromosomes.  Omitting  from  consideration  the 
sex-determining  chromosome  (a  special  case),  each  sperm 


Fig.  16.  Some  Flowers  may  be 
Self -pollinated;  Others  are  always 
Cross-pollinated 

A,  cross-pollination ;  B,  self- 
pollination 
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Arnold  Arboretum 


Fig.  17.  The  Chromosomes  are  Carriers  of  Heredity 

a ,  the  nucleus,  or  center  containing  the  chromosomes ;  b,  the  chromosomes  about 
to  divide;  c,  the  separation  of  chromosomes  to  form  two  nuclei.  How  many 
chromosomes  are  there  in  6? 


miners  of  heredi¬ 
tary  characteristics 


cell  and  each  egg  cell  from  the  same  kind  of  plant  have  the 
same  number  of  chromosomes.  For  example,  the  sperm 
in  the  pollen  of  field  corn  contains  ten  chromosomes.  The 
egg  cell  also  has  ten.  The  fertilized  egg  contains  the  chro¬ 
mosomes  from  both  sperm  and  egg.  It  therefore  has  twenty 
chromosomes.  Within  the  chromosomes  are  the  determiners 
of  hereditary  characteristics.  Some  field  corn,  for  example, 
matures  early,  produces  red  ears  which  are  long  and  slen- 
Genes  are  deter-  tier,  and  has  other  peculiar  characteristics. 

Other  corn  matures  late  and  produces  white 
ears  that  are  short  and  thick.  The  deter¬ 
miners  of  these  characters  are  called  genes,  and  the  genes 
are  carried  in  the  chromosomes.  Now  suppose  that  a  sperm 
cell  from  pollen  of  one  kind  of  red  corn  combines  with  an  egg 
cell  from  the  same  kind  of  red  corn.  The  genes  from  both 
sources  are  determiners  of  the  same  kind  of  characteristics. 

In  cross  pollina  eal"S  COTn  Pro<^Uce(^  from  this  COm- 

tion  genes  of  dif-  bination  will  be  like  the  parents  that  pro- 
ferent  kinds  may  duced  the  sperm  and  the  egg.  But  suppose 

be  mixed 

sperm  cells  that  carry  chromosomes  with 
genes  for  whiteness,  thick  and  short  ears,  and  late  maturing 
should  combine  with  egg  cells  that  carry  genes  for  redness, 
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Anthers  containing  pollen 


Spikelet 


• Stigma 


Stigmas 


'.Pollen  tubes 


Ovule 


Sperms 


- Pollen  tube 


Stages  in  the  germination  of  the  pollen  grain 


Fig.  18.  The  Wheat  Flower  is  Normally  Self-Pollinated 

a,  the  spikelet  is  a  cluster  of  flowers ;  b,  each  flower  contains  a  pistil ;  c,  pollen 
from  the  anther  falls  on  the  stigma ;  d,  the  grains  of  wheat  form  in  the  spike  or 
head.  (Notice  its  bearded  appearance.  Some  wheat  is  not  bearded.)  e,  the 
pollen  grain  forms  a  pollen  tube  which  carries  the  sperm  to  the  egg 

long  ears,  and  early  maturing.  What  should  you  get? 
Obviously  there  would  be  a  mixing  of  genes.  You  might  get 
red  corn  with  short  ears,  you  might  get  white  corn  with 
long  ears,  or  you  might  get  other  combinations.  The  aim 
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in  plant-breeding  and  animal-breeding  is  to  bring  together 
genes  for  desirable  characteristics. 

Now  let  us  study  some  of  the  processes  by  means  of 
which  desirable  kinds  of  wheat  have  been  produced.  The 
process  is  simpler  than  in  some  other  plants,  so  we  may 
study  it  at  some  length.  Wheat  is  commonly  self-pollinated  ; 
but  pollen  grains  may  be  carried  by  the  wind,  and  cross¬ 
pollination  does  sometimes  occur.  In  experimental  work 
cross-pollination  may  be  easily  done. 

The  parts  of  a  wheat  flower  are  shown  in  Fig.  18.  When 
the  spike,  or  head,  of  wheat  first  appears,  it  may  be  seen  to 
consist  of  a  number  of  spikelets  (Fig.  18,  a ),  each  of  which 
is  a  cluster  of,  usually,  three  or  four  separate  blossoms.  In 
each  blossom  there  are  a  number  of  stamens  with  anthers 
on  their  outer  ends  and  there  is  a  pistil  with  flowery  stig¬ 
mas.  The  pistil,  separated  from  other  parts  of  the  flower, 
is  shown  in  Fig.  18,  b.  A  cross  section  of  the  flower,  showing 
the  pistil  and  a  stamen,  is  shown  in  Fig.  18,  c.  This  shows 
how  pollination  and  fertilization  may  occur.  Pollen  from 
the  anther  falls  upon  a  branch  of  the  feathery  stigma.  A 
cross  section  of  the  pollen  grain  is  shown  in  Fig.  18,  e. 
Pollen,  as  soon  as  it  falls  on  the  stigma,  begins  to  grow  a 
tube.  This  growth  continues  until  the  tube  reaches  the 
egg  cell  within  the  nucleus,  or  center.  The  sperms,  of  which 
there  are  two  within  each  pollen  grain,  pass  down  this  tube 
to  the  egg  cell.  One  of  these  sperms  unites  with  the  egg  to 
produce  a  fertilized  egg.  The  other  sperm  is  lost.  The  fer- 
A  seed  forms  from  tilized  egg  forms  a  seed.  Soon  after  fer- 
a  single  cell  tilization  occurs,  the  fertilized  egg  begins 

to  divide.  First,  it  divides,  forming  two  cells.  Then  each  of 
these  divides,  forming  four,  and  so  on  until  a  large  number 
of  cells  are  formed.  Food  for  growth  of  the  new  cells  is 
carried  to  them  from  the  green  cells  where  it  was  made. 
Gradually  the  process  of  cell  division  goes  on  more  slowly. 
The  seed  ripens,  and  life  activities  within  the  cell  almost 
cease.  Each  seed  on  the  spike,  or  head,  of  wheat  starts  in  this 
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way.  Bear  in  mind  that  wheat  is  normally  self-pollinated 
but  that  in  experimental  work  it  may  be  cross-pollinated. 

Life  will  continue  in  the  cells  of  the  seed  for  a  long  time. 
When  the  seed  is  planted  in  warm,  moist  soil,  cell  division 
begins  again.  There  are  cells  that  form  roots,  others  that 
form  stem  and  leaves,  and  in  a  little  time  there  is  a  plant 
equipped  to  make  food,  to  grow,  and  to  produce  new  seeds. 
The  process  is  complex,  but  in  your  later  work  in  the  senior 
high  school  you  may  learn  how  the  hereditary  character¬ 
istics  are  carried  from  the  single  egg  cell  contained  in  a 
flower  through  all  the  many  changes  that  take  place  as  a 
seed  is  formed  and  grows  into  a  new  plant.  Obviously  these 
characteristics  are  carried,  for  a  wheat  seed  will  produce  a 
wheat  plant  which  is  like  the  one  from  which  it  came.  It 
will  be  like  it  in  very  particular  ways.  The  seeds  will  have 
similar  shapes.  The  wheat  of  one  season  will  ripen  in  about 
the  same  time  as  was  required  for  the  same  kind  of  wheat 
of  the  previous  season.  It  will  resist  parasites,  such  as 
wheat  rust,  just  about  as  effectively  as  the  parent  plant 
did.  And  so  on.  Wheat,  as  well  as  other  plants  and  ani¬ 
mals,  has  many  definite  hereditary  characteristics. 

Suppose  we  consider  now  some  different  kinds  of  wheat. 
There  may  be  one  that  produces  well,  but  grows  only  in  a 
warm  climate.  There  may  be  another  that  produces  poorly, 
but  will  grow  in  a  cold  climate.  Is  it  possible  to  mix  the 
genes  of  these  two  kinds  of  wheat  so  as  to  get  a  wheat  that 
produces  well  and  that  will  live  in  a  cold  climate?  Plant- 
breeders  in  the  Department  of  Agriculture 
at  Washington,  D.C.,  have  attempted  to  desfrablebchar-1I1S 
answer  this  question  and  many  other  ques-  acteristics  are 
tions.  Some  years  ago  they  tested  more  roug  1  togetller 
than  a  thousand  different  varieties  of  wheat  obtained  from 
many  different  parts  of  the  globe.  There  was  one  that  had 
been  imported  from  southern  Russia.  It  was  hard  and  diffi¬ 
cult  to  grind,  but  it  was  fairly  well  adapted  to  grow  in  the 
dry  lands  of  the  Western  Plains.  It  was  a  variety  of  winter 
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wheat.  Winter  wheat  is  planted  in  the  fall.  The  seeds 
sprout  and  green  leaves  form  before  frost  comes.  Cold 
Winter  wheat  is  weather  kills  the  green  leaves ;  but  if  the 
sowed  in  the  fall  winters  are  not  too  severe,  the  plants  re¬ 
main  alive  in  the  ground  till  spring.  When  warm  weather 
comes,  they  start  to  grow  and  by  early  summer  have  pro¬ 
duced  a  crop.  This  wheat  could  be  grown  in  Kansas,  but 
it  could  not  be  grown  successfully  in  Montana  and  southern 
Canada.  It  could  not  live  through  the  severe  winters. 
There  was  a  real  need  for  a  wheat  that  would  grow  to  ma¬ 
turity  and  produce  a  good  crop  during  the  short  summer 
season  of  the  Canadian  agricultural  regions. 

Let  us  tell  you  the  story  of  one  kind  of  wheat  that  was 
developed  to  meet  the  conditions  of  western  Canada.  The 
Marquis  wheat  is  a  hard  red  spring  wheat,  more  popular 
in  Canada  today  than  any  other  kind,  and  yet  it  was  first 
produced  only  a  little  over  thirty  years  ago.  It  is  called 
spring  wheat  because,  unlike  winter  wheat,  it  is  planted  in 
the  spring  and  matures  during  the  summer.  It  does  not 
live  in  the  ground  through  the  winter. 

In  the  wheat  fields  at  that  time  there  was  grown  a  vari¬ 
ety  of  spring  wheat  called  Red  Fife.  It  yielded  abundantly, 
produced  fine  white  flour,  milled  easily,  and  baked  well. 
It  was  —  and  still  is  —  popular  in  our  own  West.  But  it 
ripened  slowly,  and  in  the  years  when  frosts  came  early 
the  Canadian  farmers  lost  heavily.  Two  or  three  years  of 
early  frosts  in  succession  brought  financial  ruin  to  them. 
No  wonder  that  new  farmers  were  afraid  to  settle  on  the 
rich  but  cold  lands  of  Winnipeg  and  Manitoba. 

Then  a  few  practical  wheat-growers  began  to  experiment. 
They  looked  about  for  a  sturdy  wheat  plant  that  ripens 
very  early.  They  found  it  in  the  Hard  Red  Calcutta  from 
India.  Now  this  Red  Calcutta  was  in  other  ways  inferior. 
It  yielded  very  little  wheat,  and  what  little  it  did  yield  was 
of  poor  quality.  But  the  experimenters  took  some  plants 
of  Red  Calcutta  and  used  them  as  mother  plants.  They 
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selected  pollen  from  the  Fife.  This  pollen  they  brushed 
carefully  upon  the  pistils  of  the  Red  Calcutta,  having  pre¬ 
viously  covered  the  blossoms  to  protect  them  from  any 
pollen  that  might  be  carried  on  the  wind.  After  the  plants 
had  been  pollinated  from  the  Red  Fife,  they  were  again 
carefully  covered  and  the  seeds  allowed  to  develop.  All 
these  seeds  were  sown,  and  the  hybrid  seedlings  came  up. 
Such  a  varied  lot !  Some  were  tall,  some  short.  Some  had 
fine  big  heads ;  others  small  heads.  Some  could  resist  the 
disease  called  wheat  rust ;  others  were  covered  with  it. 
Seeds  from  the  plants  that  ripened  earliest  were  saved,  for 
this  characteristic  was  the  one  especially  desired  for  the 
new  wheat. 

When  the  second  season  came,  these  selected  hybrid 
grains  were  sown.  A  more  mixed  lot  of  seedlings  came  up 
than  the  crop  of  the  first  year!  But  among  them  were  a 
few  plants  that  matured  early  and  yielded  well.  The  seeds 
of  these  plants  were  saved  and  sown  again,  and  all  the 
plants  raised  from  this  seed  yielded  abundantly  and  ripened 
early.  The  experiment  was  a  success! 

The  new  wheat  thus  developed  was  named  Marquis.  It 
is  a  good  wheat  for  the  western  part  of  Canada.  It  had  been 
produced  especially  for  that  environment.  Marquis  wheat  was 
During  the  World  War  England  depended  made  for  Canada 
largely  upon  Canada  for  her  wheat  supply.  The  demand 
was  met  chiefly  through  the  exportation  of  Marquis  wheat. 

For  an  example  of  a  tree  produced  to  meet  a  definite 
need  let  us  look  at  the  apples  in  North  Dakota.  Here 
the  winters  are  severe,  but  the  summers  North  Dakota 
are  hot.  Early  settlers  had  difficulty  find-  apples  are  adapted 
ing  a  tree  which  yielded  well  and  which  t0  condltlons  there 
would  at  the  same  time  live  through  the  cold  winters.  One 
man  planted  thousands  of  apple  seeds  each  year  of  his  life 
until  he  found  a  tree  that  met  his  needs.  This  single  tree, 
through  the  process  of  grafting,  has  become  the  parent  of 
nearly  all  the  apple  trees  in  the  state. 
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Fig.  19.  Many  Hybrid  Plants  may  be  produced  by  Careful  Selection  and 

Breeding 

The  giant  chrysanthemum  at  the  left  is  a  hybrid ;  those  at  the  right  are  not 

Many  other  illustrations  may  be  given.  For  years  and 
years  the  Chinese  and  Japanese  have  produced  hybrid 
chrysanthemums,  asters,  and  peonies.  The  giant  blooms 
of  chrysanthemum  shows  may  be  first  cousins  of  the  tiny 
Highly  developed  buttonball  varieties  in  your  garden.  In¬ 
hybrids  are  repro-  deed,  if  the  seeds  of  both  were  sown  side 
ducedfrom cuttmgs  gj^  y0U  could  not  tell  which  seedlings 

were  the  offspring  of  which  plant.  Most  of  them,  in  fact, 
would  look  like  common  wild  daisies,  the  distant  ancestor 
of  them  all.  The  splendid  ''giant  hybrids”  are  produced 
from  slips  or  cuttings,  once  they  have  been  developed. 
Compare  the  two  chrysanthemums  shown  in  Fig.  19. 

These  experiments  with  wheat  show  how  man  has  learned 
to  control  the  wheat  supply.  Similar  controls  have  been 
accomplished  with  about  all  food-producing  plants,  until 
cultivated  plants  are  indeed  quite  unlike  the  wild  ancestors 
of  which  they  are  descendants. 
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C.  What  Principles  Control  the  Production 
of  Hybrids? 

Are  there  any  general  underlying  principles  which  plant- 
breeders  have  learned  from  their  observations  of  or  experi¬ 
ments  with  hybrids  ? 

More  than  sixty  years  ago  in  his  garden  in  Moravia  a 
monk,  Gregor  Mendel,  discovered  some  facts  that  help  us 
in  predicting  many  things  about  hybrids.  Let  us  follow 
some  experiments  with  the  garden  flower  known  as  the  four- 
o'clock.  There  are  two  common  varieties  of  four-o’clocks. 
One  has  red  blossoms;  the  other  has  white  blossoms.  In 
other  ways  they  are  alike.  Suppose  we  take  two  plants, 
one  of  each  variety.  Now  let  us  carefully  pollinate  the 
pistils  of  the  white  flowers  with  pollen  from  the  red  ones 
and  the  pistils  of  the  red  ones  with  pollen  from  the  white. 

In  the  course  of  time  seeds  develop.  We  plant  them  and 
await  results.  The  plants  begin  to  come  up.  For  a  while 
they  all  look  much  like  their  parents.  Then  the  blossoms 
appear,  and  here  we  notice  something  new.  All  the  plants 
produce  pink  blossoms!  These  plants  are  called  first- 
generation  hybrids.  Now  let  us  plant  their  seeds  and  see 
what  happens.  In  the  second  generation  we  still  have  some 
pink  blossoms ;  but  we  also  have  red  blossoms  and  white 
blossoms,  as  we  had  in  the  grandparent  plants.  In  what 
proportion  do  these  colors  occur?  About  half  the  plants 
bear  pink  blossoms,  about  a  fourth  bear  red,  and  about  a 
fourth  bear  white.  Now  let  us  plant  these  seeds. 

Let  us  put  them  in  three  different  gardens :  the  pinks  in 
one,  the  reds  in  a  second,  and  the  whites  in  a  third.  The 
pinks  are  pollinated  with  pinks  only,  the  whites  with  whites 
only,  and  the  reds  with  reds  only.  We  are  now  dealing  with 
third-generation  hybrids.  Again  all  the  plants  look  alike 
until  it  is  time  for  them  to  blossom.  And  then? 

From  the  seeds  of  red  flowers  we  have  all  red  blossoms. 
From  the  seeds  of  white  flowers  we  have  all  white  blossoms. 


Fig.  20.  Gregor  Mendel,  whose  Hobby  was  Gardening 
( 1822-1884 ) 


Gregor  Mendel  was  an  Austrian  peasant  boy  when  he  entered  the  monastery 
at  Briinn,  which  was  then  in  Austria  but  is  now  part  of  Czechoslovakia.  He 
was  a  brilliant  youth,  rather  short  and  heavy,  with  a  beaming  smile  and  a  high 
forehead.  It  was  not  many  years  before  he  became  head  of  the  monastery  • 
The  quiet  life  in  the  monastery  gave  him  leisure  to  have  a  garden,  to  which  he 
was  so  devoted  that  he  referred  to  the  flowers  as  his  "children.”  For  many 
years  he  worked  in  his  garden,  and  his  nearsighted  blue  eyes  proved  excellent 
for  painstaking  observation.  Gardening  became  his  hobby  •  In  the  year  1865, 
on  a  cold  winter  evening,  he  read  before  the  little  scientific  society  in  the  town 
a  paper  reporting  his  observations.  It  was  on  the  inheritance  of  various  char¬ 
acteristics  in  garden  peas.  The  results  had  been  reduced  to  the  accuracy  of 
mathematics.  His  friends  listened,  probably,  as  most  people  do  at  lectures. 
But  no  one  was  especially  impressed.  No  one  seemed  to  care  very  much 
whether  peas  bred  true  or  not.  What  difference  could  it  make?  •  Twenty  years 
later  the  monk  Mendel  died,  respected  and  loved  by  a  small  circle  of  associ¬ 
ates  but  almost  unknown  in  the  scientific  world  •  Sixteen  years  after  that, 
Hugo  De  Vries,  then  studying  heredity  in  general,  dug  up  Mendel’s  old  papers 
and  diaries,  checked  over  the  observations,  compared  them  with  his  own,  and 
found  that  they  agreed  in  principle.  In  1900  two  other  scientists  independently 
discovered  the  same  laws.  Thus  the  long-forgotten  monk  became  a  man  of  note 
in  modern  biology.  Gregor  Mendel  had  lived  and  died  a  generation  too  soon. 
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Fig.  21.  Certain  Natural  Laws  control  the  Production  of  Hybrids 

Read  your  text  again  and  explain  in  terms  of  Mendel’s  first  law  why  the  pollina¬ 
tion  of  red  and  white  four-o’clocks  should  result  in  the  hybrids  shown  above 


But  from  the  seeds  of  the  pink  we  have  red,  pink,  and 
white.  And  they  appear  in  the  ratio  of  one  red,  two  pinks, 
and  one  white,  exactly  as  they  did  in  the  second  genera¬ 
tion!  If  we  should  continue  the  experiment,  we  should  find 
that  the  reds  will  produce  only  reds  when  pollinated  with 
reds,  that  the  whites  will  produce  only  Mendel’s  first  law- 
whites  when  pollinated  with  whites,  and  l  to  2  to  l 
that  the  pinks  when  pollinated  with  pinks  will  produce  red, 
pink,  and  white  flowers  in  the  ratio  of  1,  2,  1.  This  il¬ 
lustrates  Mendel’s  first  law.  Fig.  21  shows  these  relations. 
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Now  take  another  case,  that  of  varieties  of  peas.  Mendel 
experimented  with  a  variety  having  yellow  seeds  and  a 

variety  that  had  green 


seeds.  He  crossed  them, 
as  was  done  in  the  case 
of  the  four-o’clocks.  All 
the  hybrids  of  the  first 
generation  were  yellow! 
These  were  crossed  with 
each  other.  Of  the  second 
generation,  three  fourths 
produced  yellow  seed ; 
one  fourth  green  seed. 

These  seeds  were  now 
planted  in  their  turn,  and 
each  was  self-pollinated. 
The  green  seeds  contin¬ 
ued  to  produce  green 
seeds  from  generation  to 
generation  unless  further 
crossed.  But  of  the  yel¬ 
low  seeds  a  third  pro¬ 
duced  only  yellows.  The 
other  two  thirds  produced 
mixed  crops  in  the  same  ratio  as  in  the  second  generation 
—  three  yellows  to  one  green.  Study  Fig.  22.  This  case 
seems  more  confusing  than  the  case  of  the  four-o’clocks. 
Can  it  be  explained  ? 

From  his  many  years  of  work  Mendel  drew  the  conclusion 
that  some  characteristics  tend  to  show  up  in  hybrids  while 
others  do  not,  but  that  these  others  are  present  and  may 
appear  again  in  the  next  generation.  He 
called  the  characteristics  that  show,  domi¬ 
nant ;  those  that  do  not  show,  recessive. 
Let  us  suppose  for  a  minute  that  this  was  the  case  with 
the  pea  seeds  and  see  if  the  explanation  fits.  Here  we  have 


Fig.  22.  Certain  Characteristics  of  Hy¬ 
brids  may  not  appear  in  the  First  Gen¬ 
eration,  although  they  may  appear  in 
Later  Generations 

Is  this  true  of  the  peas  shown  in  the 
sketch  above? 


Traits  may  be 
dominant  or 
recessive 
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yellow  and  green  cross-pollinated.  The  offspring  of  the 
hybrids,  according  to  Mendel's  first  law,  should  appear : 


Pure  Yellow 

Mixed  (Yellow) 

Mixed  (Yellow) 

Pure  Green 

yellow 

yellow 

yellow 

green 

yellow 

green 

green 

green 

In  the  four-o'clocks  we  had : 


Pure  Red 

Mixed  (Pink) 

Mixed  (Pink) 

Pure  White 

red 

red 

red 

white 

red 

white 

white 

white 

The  four-o'clock  " mixed-breeds"  appeared  pink.  The 
pea  "mixed-breeds"  appear  to  be  yellow.  Here  the  green 
does  not  show  at  all.  But  when  these  seeds  are  planted, 
some  of  the  next  generation  have  green  seeds. 

Characteristics  of  a  parent  which  do  not  appear  at  all 
in  first-generation  hybrids  are  likely  to  show  in  the  sec¬ 
ond  generation.  All  such  characteristics  are  said  to  be  re¬ 
cessive .  Characteristics  which  show  in  the  first-generation 
hybrids  are  said  to  be  dominant.  In  the  peas  green  in  the 
seeds  is  apparently  a  recessive  trait  while  yellow  is  domi¬ 
nant.  With  the  four-o'clocks  neither  color  was  dominant. 

A  "pure  dominant"  always  breeds  true.  A  "pure  re¬ 
cessive"  breeds  true.  But  the  hybrids  which  look  like  the 
pure  dominants  breed  in  the  ratio  of  1  to  pure  stock  breeds 
2  to  1.  Further,  a  first-generation  hybrid  true 
is  like  its  dominant  parent  or  of  an  intermediate  charac¬ 
ter,  as  in  the  case  of  the  four-o'clocks.  The  "pure  domi¬ 
nants"  of  the  second  generation  cannot  be  discovered  from 
the  appearance  of  the  seed. 

When  this  law  is  understood  by  a  plant  or  animal  breeder, 
he  knows  what  to  expect  from  his  hybrids.  He  knows  that 
the  second-generation  individuals  may  be  different  from 
the  first  and  that  the  third  may  be  different  from  the 
second. 
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Fig.  23.  The  Law  of  Dominant  and  Recessive  Traits  is  illustrated  by  the 
Results  of  Breeding  shown  Above 

What  dominant  traits  can  you  find  ?  What  recessive  traits  ? 


Mendel’s  second  law  has  to  do  with  cases  where  there 
are  several  different  characteristics  to  be  considered.  Let 
us  take  the  peas  as  an  example.  The  yellow  seeds  in  Men¬ 
del’s  experiment  happened  to  grow  on  tall  vines.  The  green 
seeds  grew  upon  dwarf  vines.  Suppose  we  look  at  the  vines 
as  well  as  at  the  seeds  in  the  hybrid  plants. 

Yellow  and  tall  are  both  dominant ;  so  in  the  second  gen¬ 
eration  all  plants  are  tall  and  produce  yellow  seeds.  But  in 

Different  traits  are  third  generation  a  quarter  of  the  plants 
inherited  inde-  have  green  seeds,  and  a  quarter  of  the  vines 
pendently  are  (jwarf>  Three  quarters  have  yellow 

seeds,  and  three  quarters  are  tall.  The  ratio  in  which  these 
two  characteristics  appear  together  is  shown  in  the  plants 
of  Fig.  23.  Count  them.  There  are  mostly  tall  yellows. 
These  are  combinations  of  dominant  characteristics.  There 
is  only  one  short  green.  This  is  a  combination  of  recessive 
characteristics. 
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Mendel’s  laws  were  the  result  of  many  experiments. 
They  have  been  more  fully  explained  recently  through  the 
discovery  of  chromosomes  and  an  understanding  of  their 
nature.  You  remember  that  at  the  beginning  of  this 
chapter  we  told  you  about  the  chromosomes  in  the  egg 
and  the  sperm  cells  and  mentioned  the  genes  believed  to  be 
carried  by  the  chromosomes.  The  genes  are  so  small  you 
cannot  see  them.  Their  existence  is  indicated  by  the 
behavior  of  the  chromosomes.  These  genes  are  the  units 
which  determine  the  characteristics  of  any  Genes  wi,h. 
living  thing.  One  gene  may  determine  chromosomes 
color,  another  height,  another  the  shape  determme  traits 
of  a  particular  part,  and  so  on.  From  generation  to  genera¬ 
tion  these  genes  and  the  chromosomes  that  contain  them 
get  shuffled  about  and  redealt.  You  never  saw  two  living 
things  exactly  alike.  That  is  because  the  combination  of 
genes  that  determines  the  characteristics  of  any  individual 
is  probably  not  duplicated  elsewhere  in  creation. 

Let  us  summarize  briefly.  Certain  characteristics  in 
plants  and  animals  tend  to  show  up  in  hybrid  offspring  in 
the  first  generation.  These  are  said  to  be  dominant.  But 
the  appearance  of  the  first-generation  hybrids  is  no  guar¬ 
anty  that  their  offspring  will  be  like  them.  In  addition, 
when  two  or  more  different  factors  enter  a  cross,  as  color 
and  "tallness,”  they  are  distributed  independently  in  the 
germ  cells  of  the  hybrids  in  the  ratio  of  3  to  1. 

D.  How  may  Desirable  Characteristics  be  Kept? 

When  the  North  Dakota  farmer  obtained  the  apple  he 
wanted  and  the  Canadians  the  Marquis  wheat,  how  did 
they  keep  on  producing  these  desirable  varieties  ? 

There  are  two  principal  ways.  The  first  is  by  taking  a 
part  of  the  plant  itself  and  causing  it  to  grow.  The  second 
is  by  breeding  for  "pure  recessives”  or  "pure  dominants” 
and  then  keeping  the  stock  from  becoming  crossed.  You 
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Fig.  24.  Plants  may  be  reproduced  in  Various  Ways 
a,  slipping ;  b,  budding ;  c,  grafting 


have  seen  how  this  second  method  might  be  used  in  the 
case  of  tallness  and  color  of  seeds  in  peas. 

Have  you  heard  the  terms  cutting ,  grafting ,  budding, 
slipping,  as  applied  to  plant  reproduction?  Suppose  it  is 
an  elm  tree,  a  willow  tree,  a  forsythia  bush,  a  white  potato, 
or  a  geranium  that  you  wish  to  reproduce.  You  do  not 
need  to  wait  for  seeds  to  plant.  Besides,  seedlings  too  often 
produce  inferior  plants,  like  their  distant  ancestors.  You 
simply  take  a  cutting,  or  slip,  from  the 
ductfon^nsures0"  parent  plant,  as  shown  in  Fig.  24,  a .  This 

new  plants  like  you  trim  back  and  set  out  in  wet  peat 

their  parent  .  . 

moss  or  moist  sand  or  even  m  damp  earth. 
It  will  soon  develop  roots  and  proceed  to  grow.  It  will  be 
like  the  parent  plant  because  it  is  the  parent  plant.  It 
is  in  truth  "a  chip  off  the  old  block.” 

Not  all  plants  will  root  from  cuttings,  but  many  will.  A 
few  others  may  be  rooted  from  single  leaves.  Still  others 
may  be  grown  by  grafting  a  small  shoot  or  bud  upon  an- 
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other  plant  of  the  same  family.  This  is  the  way  that  apples 
and  roses  are  usually  grown.  Some  illustrations  of  kinds 
of  budding  and  grafting  are  shown  in  Fig.  24,  b  and  c.  The 
ungrafted  branches  are  cut  off.  Thus  the  apple  or  rose  of 
superior  characteristics  may  be  grown  upon  the  roots  of  a 
sturdy  but  undistinguished  member  of  the  same  family. 


Plants  that  have  developed  naturally  have  not  in  all  cases  fitted 
man’s  needs.  Therefore  he  has  produced  new  varieties  by 
crossbreeding.  Study  of  the  Mendelian  laws  makes  scientific 
crossbreeding  possible.  Characteristics  may  be  dominant 
characteristics  appearing  in  first-generation  hybrids.  In  the 
second-generation  hybrids  traits  appear  in  the  ratio  of  1  pure 
dominant  to  2  hybrids  to  1  pure  recessive.  Many  different 
traits  may  be  inherited  at  the  same  time,  but  each  is  inherited 
independently  of  the  others.  Desired  characteristics  once  ob¬ 
tained  in  a  stockmay  be  maintained  by  preventing  further  cross¬ 
breeding  or  by  means  or  reproduction  from  grafts  or  cuttings. 


Can  You  Answer  these  Questions? 

1.  What  is  a  hybrid? 

2.  How  does  cross-pollination  differ  from  self-pollination? 

3.  How  does  a  recessive  character  differ  from  a  dominant 
character  in  the  way  that  it  is  inherited? 

4.  Why  are  no  two  individuals  in  the  world  exactly  alike? 

5.  May  hybrids  be  produced  under  natural  conditions,  or 
are  they  always  produced  artificially?  Be  prepared  to  defend 
your  answer  with  examples. 

6.  Are  hybrids  ever  suited  to  growth  in  a  region  where  the 
original  plants  could  not  live? 

7.  What  is  the  relation  of  chromosomes  and  genes  to  inherit¬ 
ance  ?  Can  genes  be  seen  with  a  microscope  ?  Can  chromosomes  ? 

8.  Can  you  trace  the  steps  in  the  fertilization  of  wheat? 

9.  How  may  Mendel's  first  law  be  used  to  explain  the  ob¬ 
servations  made  on  the  four-o’clock  plant? 

T 
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10.  What  evidence  is  given  in  this  chapter  that  careful  seed 
selection  may  be  of  great  economic  value? 

11.  What  are  the  essential  differences  in  cutting,  slipping, 
budding,  and  grafting,  as  applied  to  plant  development? 

Questions  for  Discussion 

1.  You  may  have  seen  a  horse-chestnut  tree  with  one  branch 
having  white  blossoms  and  all  the  other  branches  having  pink 
blossoms.  Can  you  explain  what  had  happened? 

2.  Is  it  possible  for  an  apple  tree  to  produce  two  different 
kinds  of  apples?  Explain. 

3.  Would  it  be  possible  to  hybridize  corn  and  sugar  cane  so 
as  to  produce  a  crop  valuable  for  all  the  things  that  corn  is  used 
for  and  also  for  all  the  things  that  sugar  cane  is  used  for? 

4.  Is  it  possible  to  say  in  all  cases  that  mixed  breeds  are  in¬ 
ferior  to  pure  stocks  or  the  reverse?  What  factors  should  you 
have  to  consider  before  you  make  your  answer? 

5.  Does  planting  two  varieties  of  a  plant  side  by  side  tend 
to  produce  hybrids?  Explain  your  answer. 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  some  of  the  work  done  in  improving  wheat 
or  some  other  plant.  Your  neighborhood  florist  or  nurseryman 
might  be  able  to  help  you. 

2.  Luther  Burbank  was  famous  for  his  experiments  with  plants. 
Find  out  what  you  can  about  his  work  and  report  on  it  in  class. 

3.  On  one  of  your  field  trips  make  a  collection  of  leaves  from 
some  species  of  tree  and  bring  them  back  to  class.  Let  each 
member  of  the  class  take  any  twelve  leaves  and  measure  them 
for  their  length  along  the  stem  from  the  tip  to  the  base.  Make 
the  measurement  in  centimeters.  Construct  a  table  showing, 
within  five  millimeters,  the  number  of  leaves  of  each  length. 
Construct  a  graph  showing  the  results  of  the  table.  Are  there 
any  peculiar  things  about  this  graph? 

4.  After  making  a  careful  study  of  the  methods  used  in  bud¬ 
ding  and  grafting  prepare  some  twigs  to  show  how  these  methods 
are  carried  out  in  practice. 


Chapter  III  •  How  and  Why  have  we 
domesticated  Animals? 

A*  In  What  Ways  are  Tame  Animals  More 
Satisfactory  than  Wild  Ones? 

When  you  think  of  primitive  man,  as  we  have  asked 
you  to  do  rather  frequently,  you  picture  a  hunter  in  search 
of  food  for  himself  and  his  family.  When  did  this  primitive 
man  live?  You  answer  promptly,  "Many  hundreds  of 
thousands  of  years  ago."  In  some  places,  yes;  in  other 
places  he  lives  to  this  very  day.  For  any  people  who  are 
still  in  the  hunting  stage  of  civilization  are  "primitive." 
Before  the  coming  of  the  white  man  many  of  the  North 
American  Indians  were  primarily  hunters.  Many  tribes  in 
Australia,  Africa,  and  South  America,  and  some  tribes  of 
Eskimos  are  hunters  today  —  hunters  and  nothing  else. 
They  are  primitive  peoples. 

But  let  us  take  a  closer  look  at  the  hunters  in  Europe 
some  hundreds  of  thousands  of  years  ago.  With  the  passing 
of  the  last  great  ice  age  Europe  became  warmer.  Forests 
began  once  more  to  spread  over  Europe.  First  came  the 
pine  forests,  and  later  the  oaks  and  other  deciduous  trees. 
This  increase  in  the  number  of  trees  diminished  the  areas 
covered  by  grass  and  thus  affected  the  grazing  grounds  of 
the  wild  cattle  and  other  grass-eating  p  . 
animals.  Thus  gradually  these  hoofed  ani-  foiWeFwScTcat- 
mals,  depending  upon  grass  for  their  food,  protected 

were  crowded  into  certain  limited  areas  in 
what  are  now  southern  Russia  and  the  plains  of  Hungary. 
Our  primitive  hunters  naturally  followed  their  food  supply, 
living  upon  the  grasslands  in  these  sections  and  killing  the 
animals  they  needed. 

But  these  men  took  care  not  to  kill  all  the  animals.  Not 
only  that,  but  they  began  to  protect  them  from  wolves, 
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Metropolitan  Museum  of  Art 

Fig.  25.  Man’s  Control  over  Cattle  had  its  Beginnings  far  back  in 
Ancient  History 

Here  the  artist  has  reproduced  a  scene  from  ancient  Egypt 


saber-toothed  tigers,  and  other  enemies,  realizing  that  in 
so  doing  they  were  merely  making  their  own  food  supply 
more  secure.  As  soon  as  primitive  men  learned  that  they 
could  keep  a  herd  of  wild  cattle  where  they  wanted  them 
by  protecting  them  from  other  animals  and  by  feeding 
them,  they  became  herdsmen  rather  than  hunters. 

Thus  wild  cattle  were  brought  gradually  under  control. 
Drawings  and  carvings  similar  to  those  shown  in  Fig.  25, 
4nimals  were  found  in  ancient  tombs,  tell  part  of  this 
domesticated  story.  Excavated  implements  for  butter- 

gr  a  dually  making  and  various  kinds  of  containers  for 

milk  tell  other  parts  of  it.  But  there  is  still  further  evidence 
in  parallel  experiences  of  the  present  day.  Let  us  take  as  an 
example  the  Eskimo  of  northwestern  Canada  and  Alaska. 

Like  the  men  of  central  Europe  that  we  have  just 
described,  the  Eskimo  has  been  a  hunter.  He  has  had  no 
domestic  animals  except  the  dog,  and  in  most  cases  has 
had  no  permanent  homes.  His  food  has  been  a  diet  of  the 
meat  of  wild  animals.  In  fact,  the  very  name  "  Eskimo  ” 
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The  Eskimos  in 
Alaska  have  pro¬ 
gressed  from  the 
hunting  to  the 
herding  stage  in  a 
few  generations 
through  the  domes¬ 
tication  of  rein¬ 
deer 


means  "eater  of  raw  flesh.”  You  will  suspect  that  the  climate 
in  which  he  lives  may  have  been  an  important  cause  of  his 
primitive  civilization  at  this  late  date. 

Soon  after  the  United  States  purchased  Alaska,  our  gov¬ 
ernment  became  interested  in  improving  living  conditions 
for  the  native  Alaskans.  Recognizing  the 
fact  that  a  group  of  people  in  the  hunting 
stage  of  civilization  never  has  a  secure 
source  of  food,  the  government  employed 
scientists  to  study  the  question  of  what 
could  be  done  to  provide  these  Eskimos 
with  a  domestic  animal  upon  which  they 
could  depend  for  food  and  perhaps  for  other  things  as 
well.  The  animal  must  be  adapted  to  live  in  the  climate 
of  Alaska,  upon  the  food  at  hand,  and  it  must  be  able  to 
reproduce  its  kind  there.  In  addition  it  must  be  an  animal 
that  was  already  domesticated  or  one  that  could  be  do¬ 
mesticated  easily. 

The  reindeer  of  Siberia  and  northern  Europe  looked  like 
a  possibility.  It  is  an  animal  related  to  our  own  deer,  elk, 
and  caribou.  Its  milk  is  good  and  its  flesh  tender.  It  can 
endure  severe  cold.  This  domesticated  animal  was  ac¬ 
cordingly  introduced  into  Alaska  in  1891,  to  the  number 
of  1200.  Along  with  the  reindeer  came  a  band  of  Siberian 
herdsmen  to  teach  the  Eskimos  how  to  care  for  these  new 
animals.  Forty  years  later  there  were  more  than  700,000 
domesticated  reindeer  in  Alaska  and  Canada.  A  large 
herd  is  shown  in  Fig.  26,  B. 

The  reindeer  feed  chiefly  on  lichens  that  live  on  the 
ground  through  the  winter.  These  lichens,  illustrated  in 
Fig.  26,  A,  are  commonly  called  reindeer  moss.  The  reindeer 
paw  them  out  from  under  the  snow.  Thus  it  is  possible  to 
use  for  pasture  much  land  which  has  little  value  for  any  other 
purpose.  Indeed  both  lichens  and  reindeer  flourish  within 
a  thousand  miles  of  the  north  pole,  perhaps  even  nearer. 

Thus  in  a  single  generation  the  Eskimos  have  progressed 
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a.m.n.h. 

Fig.  26.  The  Reindeer  and  his  Chief  Food 


A,  the  chief  food  of  the  reindeer  is  reindeer  moss,  a  lichen  which  can  endure  the 
cold  of  the  Alaskan  winter.  B,  the  reindeer,  a  domesticated  animal,  has  helped 
the  Alaskan  Eskimo  to  become  a  herdsman  rather  than  a  huntsman 


in  their  civilization  from  the  stage  of  huntsmen  to  that  of 
herdsmen.  The  reindeer  has  made  this  progress  possible. 

Now  experiments  in  crossbreeding  the  domesticated 
reindeer  with  the  stronger  and  larger,  but  less  easily  man¬ 
aged,  native  caribou  are  being  conducted  at  a  government 
station  near  Fairbanks.  Hybrids  thus  produced  may  be 
even  more  satisfactory  than  the  reindeer;  for,  as  we  said 
in  the  last  chapter,  the  laws  of  heredity  in  crossbreeding 
animals  are  the  same  as  those  in  crossbreeding  plants. 

Today  the  reindeer  of  Alaska  supply  their  owners  with 
milk,  meat,  and  leather.  Often  the  supply  is  so  abundant 
Reindeer  supply  that  a  considerable  surplus  can  be  ex¬ 
milk,  meat,  and  ported.  Have  you  ever  eaten  a  reindeer 
leather  steak?  It  is  finding  a  place  on  the  menus 

of  restaurants  and  even  on  the  dinner  tables  of  private  homes 
in  the  United  States.  If  there  were  need  for  it,  reindeer 
meat  might  become  an  important  item  in  our  food  supply. 

The  dog  was  perhaps  the  first  of  all  domesticated  ani¬ 
mals,  for  he  was  man's  companion  as  early  as  the  New 
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Fig.  27.  Some  of  our  Native  Dogs  are  closely  related  to  the  Wolves1 
Should  you  know  without  being  told  that  A  is  the  huskie  and  B  the  wolf  ? 

Stone  Age.  Whether  man  adopted  the  dog  or  whether  the 
dog  adopted  man  is  an  interesting  question.  There  were 
advantages  to  be  had  on  both  sides.  Bones  gnawed  by- 
dogs  perhaps  ten  thousand  years  ago  are  found  in  the  refuse 
heaps,  or  "kitchen  middens,"  of  European  man. 

The  origin  of  the  dog  is  uncertain.  There  are  dogs  native 
to  all  parts  of  the  world.  The  dogs  in  our  country  today 
are  so  closely  related  to  foxes,  wolves,  and  coyotes  that 
they  not  uncommonly  crossbreed  with  them  and  are  thus 
constantly  changing.  It  is  said  that  Arctic  explorers  are 
often  afraid  to  shoot  into  a  pack  of  wolves  lest  they  prove 
to  be  Eskimo  "huskies.”  Perhaps  Fig.  27  will  show  why. 
Dogs  often  disappear  from  farms  in  localities  where  wolves 
are  plentiful,  only  to  be  seen  later  running  with  the  wolves. 

Ninety-one  distinct  breeds  of  dogs  are  recognized  by  the 
American  Kennel  Club.  When  you  think  of  all  the  types 
that  lie  between  the  Russian  wolfhound  and  the  bull 
terrier,  the  German  police  dog  and  the  toy  Pekingese,  you 
will  not  be  surprised  at  that  number. 

These  different  varieties,  like  the  plants  you  studied  in 
Chapter  II,  have  been  developed  deliberately  for  different 
1  Courtesy  of  New  York  Zoological  Society. 
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Fig.  28.  Many  Different  Varieties  of  Dogs  have  been  developed  for 
Different  Purposes 

A,  whippet ;  B,  Chihuahua ;  C,  German  police ;  D,  Boston  terrier ;  E,  bulldog ; 

F,  Pekingese 

purposes.  Look  at  the  types  shown  in  Fig.  28.  The  whip¬ 
pet  has  been  bred  for  speed ;  the  collie  to  protect  sheep ; 
the  Newfoundland  as  a  life-saver;  the  poodle  for  tricks 
on  the  stage ;  the  bulldog  for  bull-baiting,  a  popular  sport 
in  the  Middle  Ages ;  the  Airedale  for  fighting ;  the  setter 
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Fig.  29.  Cats  are  Domesticated  Animals 
A,  Siamese ;  B,  Angora ;  C,  Persian ;  D,  common 


for  hunting.  The  Boston  terrier  was  bred  as  a  pet.  It  is 
small  enough  for  a  city  apartment  or  four-room  bungalow. 
It  has  a  smooth  coat  that  requires  little  ^  , 

care  and  leaves  little  hair  on  rugs  or  furni-  bred  to  suit  man’s 
ture.  It  is  intelligent  and  quick  and  a  good  PurP°ses 
watchdog.  The  Pekingese,  formerly  bred  to  suit  the  fancy 
of  the  Chinese  nobility,  would  fit  into  a  kimono  sleeve. 
Through  application  of  principles  of  animal-breeding  it 
seems  possible  to  breed  a  dog  to  satisfy  every  fancy. 

Cats  were  probably  first  domesticated  as  sacred  animals 
in  connection  with  the  early  Egyptian  religion,  and  there 
are  still  many  superstitions  associated  with  cats.  They  are 
members  of  the  same  family  as  the  lion,  tiger,  and  leopard 
and  are  native  in  all  parts  of  the  world.  There  are  many 
different  types.  Look  at  Fig.  29. 

The  domestic  cat  has  never  really  earned  its  salt.  It  has 
caught  mice,  and  it  has  contributed  a  cheap  imitation  of 
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Fig.  30.  Even  on  a  Reservation  such  as  this  the  Bison  are  not 
Domesticated 

Do  you  know  why? 


expensive  furs.  Aside  from  that  it  merely  eats  what  is  given 
it,  hunts  when  it  has  to,  and  multiplies  rapidly.  When 
and  where  necessary  it  is  still  able  to  take 
care  of  itself.  Indeed  there  are  more  stray 
cats  in  our  country  today  than  there  are 
cats  with  owners.  The  cat  is  a  splendid  example  of  an 
animal  that  is  well  adapted  to  its  environment. 


Cats  are  well 
adapted  to  civili¬ 
zation 


B.  What  is  a  Domesticated  Animal? 

At  what  point  in  the  process  of  domestication  does  an 
animal  cease  to  be  a  wild  animal  and  become  a  domesticated 
animal?  At  first  this  question  seems  easy.  The  calf  in 
your  barn  is  domesticated;  the  fawn  in  the  meadow  is 
wild.  The  puppies  in  the  barnyard  are  domesticated ;  the 
young  foxes  in  the  den  in  the  woods  are  wild.  The  ducks 
in  the  henyard  are  domesticated ;  the  ducks  that  you  see 
as  they  fly  south  in  the  fall  are  wild. 

But  suppose  you  take  a  baby  raccoon  or  a  baby  lion 
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and  tame  it.  It  drinks  milk  from  a  bottle  and  later  laps  it 
from  a  saucer.  It  makes  an  interesting  pet  —  until  it  bites 
you.  It  isn’t  domes¬ 
ticated,  nor  can  you 
make  it  so. 

You  may  feed  gray 
squirrels  and  coax 
them  into  your  parks 
or  dooryards.  They 
are  pretty  little  crea¬ 
tures.  Next  year  or 
perhaps  the  year  after 
they  build  nests  in 
your  attic.  They  steal 
the  corn  from  your 
barn.  Buttheyarenot 
really  domesticated. 

They  do  not  depend 
upon  you,  although 
they  may  have  taken 
advantage  of  you ! 

You  herd  bison  in¬ 
to  a  reservation,  as 
shown  in  Fig.  30, 
where  they  live  more 
or  less  unnaturally 
and  produce  young. 

You  may  use  their 
meat  or  their  skins. 

They  would  die  with¬ 
out  your  protection. 

Are  they  domesti¬ 
cated?  Not  yet,  be¬ 
cause  they  differ  in  no  way  physically  from  their  wild 
ancestors.  But  they  may  be  on  the  way  to  becoming 
domesticated.  Certainly  they  are  no  longer  wild. 


Fig.  31.  Cattle  are  Domesticated  Animals 

Again,  do  you  know  why?  A,  Hereford; 
B,  Angus;  C,  Holstein 
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Domestication  means  that  the  animals  are  unlike  their 
wild  ancestors;  that  they  will  breed  in  captivity;  that 
A  domesticated  they  depend  to  some  extent  upon  man ; 
animal  will  breed  that  the  habitat,  or  home,  provided  for 
pends  upon  man  them  is  more  or  less  unlike  their  native 
for  food  and  home  one .  that  they  could  not  exist  for  long  in 
the  wild  or  that,  if  they  did  live,  they  would  return  to  a 
type  like  their  wild  ancestors.  As  the  human  race  has 
progressed  in  culture,  the  number  of  domesticated  animals 
has  increased. 

Cattle  are  domesticated  animals.  To  be  sure,  you  can 
turn  young  stock  out  to  pasture  for  a  few  weeks  in  summer. 
But  your  cows  need  more  hay  and  grain  to  produce  the 
milk  they  do  than  the  best  pasture  will  supply.  Your 
best  beef  cattle  are  never  turned  out  to  pasture  at  all. 
Look  at  the  cattle  in  Fig.  31.  These  are  obviously  not 
wild  animals.  The  Hereford  is  much  too  heavy  for  his  own 
Domesticated  ani-  good.  He  could  not  run.  He  could  not 
mals havebeen  fight.  He  is  good  only  for  beef.  The 

particXr  purpose  Holstein  cow  produces  enough  milk  for 
by  breeding  half  a  dozen  calves.  These  specimens  have 

been  overspecialized  by  man  in  order  to  fit  a  definite  need. 
If  the  Hereford  were  allowed  to  roam  in  a  pasture,  he 
would  become  thin  and  muscular  if  indeed  he  managed  to 
live  at  all.  These  animals  could  hardly  exist  without  the 
aid  of  man. 

C.  What  are  Some  Important  Domesticated  Animals? 

Other  animals  that  were  domesticated  early  in  human 
history  for  their  food  value  or  for  their  hides  include  the 
sheep,  the  goat,  and  the  pig.  Animals  that  were  domesti¬ 
cated  as  beasts  of  burden  include  the  horse  and  the  camel. 

Sheep  and  goats  appear  to  have  been  domesticated 
somewhere  in  the  region  of  Syria  or  Palestine.  The  process 
was  doubtless  similar  to  the  process  of  domesticating  cattle. 
The  shepherd  is  a  figure  of  the  oldest  Biblical  history,  and 
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descriptions  of  the  shearing  of  sheep  date  back  to  three  or 
four  thousand  years  before  Christ. 

Probably  the  first  horse  was  tamed  on  the  plains  of 
central  Asia,  where  the  wild  horse  is  still  found  today 
(Fig.  32,  A).  Some  one  of  you  may  say  at  this  point,  "Why, 
there  are  wild  horses 
on  the  plains  in  the 
United  States."  True, 
but  these  wild  horses 
have  been  wild  only 
a  few  generations. 

These  are  descend¬ 
ants  of  horses  that 
were  brought  to  this 
country  by  the  Span¬ 
iards.  Previous  to 
the  coming  of  the 
Spaniards  there  had 
been  no  horses  on  this 
continent  for  hun¬ 
dreds  of  thousands 
of  years. 

You  have  already 
learned  some  facts 
about  a  little  horse¬ 
like  animal  about  as 
big  as  a  small  terrier, 
the  eohippus,  whose 
bones  may  be  found 
in  the  soil  of  our  own 
Southwest.  This  little  animal  is  believed  by  scientists  to  be 
a  distant  ancestor  of  the  modern  horse.  It  lived  in  this 
country  long  before  there  were  any  people  in  America.  In 
some  manner  unknown  at  present  the'  descendants  of  the 
eohippus  seem  to  have  spread  into  other  parts  of  the  world. 
Tribes  of  semicivilized  people  that  migrated  into  Asia 


Fig.  32.  A,  Wild  Horses  similar  to  this  one 
in  a  Painting  by  Charles  R.  Knight  may  still 
be  found  on  the  Plains  of  Ancient  Asia.  B. 
Horses  were  used  throughout  Ancient  and 
Medieval  Civilization 

Do  you  think  the  people  of  the  Middle  Ages 
bred  horses  especially  for  tournaments? 
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Fig.  33.  Modern  Horses  are  bred  for  Various  Purposes  and  differ 
Accordingly 

A,  a  race  horse  bred  for  speed ;  B,  a  Percheron  bred  for  work  purposes. 
(Courtesy  of  Fred  Smith,  secretary  of  Suffolk  Horse  Society,  England) 


Minor  from  the  East  about  2000  B.c.  came  riding  upon 
horses,  packing  their  possessions  on  the  backs  of  others. 
Although  the  oldest  fossil  remains  are  found  in  America, 
the  horse  did  not  continue  to  live  here.  There  were  no 
horses  in  America  during  the  Age  of  Man. 

Horses  were  used  throughout  ancient  and  medieval 
civilizations.  The  Greeks  used  horses.  So  did  the  Romans, 
and  so  did  the  knights  of  the  Middle  Ages,  as  shown  in 
Fig.  32,  B.  But  the  American  Indian  roamed  the  plains  on 
foot.  He  had  no  beasts  of  burden. 

The  modern  horse  is  intelligent,  being  excelled  in  in¬ 
telligence  only  by  the  great  apes  and  the  elephant.  He 
is  large  enough  and  strong  enough  to  carry  heavy  loads; 
a  good  draft,  or  work,  horse  often  weighs  as  much  as  a  ton. 
His  feet  are  adapted  for  running  or  walking  long  distances. 
A  good  horse  can  travel  as  much  as  a  hundred  miles  in  a 
day,  although  he  could  not  keep  up  this  pace  for  days  in 
succession. 

Modern  horses  have  been  bred  for  several  purposes  and 
differ  accordingly.  If  you  should  see  a  draft  horse,  a  racing 
horse,  and  a  saddle  horse  side  by  side,  you  would  probably 
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have  little  difficulty  in  telling  them  apart,  even  though 
you  had  not  been  told  which  was  which.’  The  draft  horse  is 
much  the  heaviest.  He  has  short  legs,  a  Horses  have  been 
broad  chest,  and  a  thick  neck.  His  feet  bred  for  several 
are  large  and  broad.  A  Percheron,  an  dlfferent  purposes 
especially  fine  breed  of  draft  horse  that  was  brought  here 
from  France,  is  shown  in  Fig.  33,  B.  The  racing  horse  is  of 
course  bred  for  speed.  Some  splendid  specimens  have 
been  produced.  Who  is  not  stirred  by  a  horse  such  as 
the  one  in  Fig.  33,  A? 

The  saddle  horse  has  come  into  its  own  in  recent  years  in 
this  country,  owing  to  the  increased  interest  in  horseback 
riding.  Many  "carriage  horses"  and  "coach  horses," 
whose  usefulness  had  diminished  with  the  coming  of  the 
low-priced  automobile,  have  been  put  to  work  again  as 
saddle  horses. 

A  superior  herd  of  milk  cattle  is  probably  made  up  of 
Jerseys  or  Holsteins,  although  Guernseys  and  Ayrshires 
are  also  good  breeds  of  milk  cattle.  A  cow 

.  n  ,  I/?  i  i  .  t  ,  Cattle  may  be  bred 

produces  her  first  calf  when  she  is  between  for  miik,  cream, 

two  and  three  years  old.  Normally  she  beef’  or  other 

gives  birth  to  one  calf  a  year,  though 

occasionally  to  twins.  The  calf  uses  its  mother's  milk  for 

about  six  weeks.  Ordinarily  even  during  this  time  the  calf 

does  not  use  all  the  milk,  and  what  is  left  is  used  by  human 

beings.  But  after  six  weeks  all  the  cow's  milk  may  be  used 

to  meet  human  needs.  The  cow  may  give  milk  for  from  six 

to  eight  months  or  longer,  as  much  as  twenty  quarts  a  day 

when  the  calf  is  first  taken  away  from  her.  One  registered 

Jersey  gave  10,627  pounds  of  milk  during  one  year,  while 

a  registered  Holstein  gave  13,986  pounds  of  milk  during 

the  same  period.  The  Jersey,  however,  gave  521  pounds 

of  butter  fat,  while  the  Holstein  gave  only  486  pounds. 

Profit  on  these  two  cows  for  one  year  exceeded  $200  each. 

These  were  not  record-breakers,  but  simply  good  cows  in  a 

good  herd.  Good  cows  are  those  producing  over  300  pounds 
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of  butter  in  a  year.  A  Shorthorn  holds  the  record  in  butter 
production  for  all  breeds.  This  record  cow  produced  in  one 
year  32,522  pounds  of  milk  (about  8000  gallons),  and  this 
milk  contained  1614  pounds  of  butter. 

Two  types  of  cattle  raised  exclusively  for  beef  are  the 
Aberdeen  Angus  and  the  Hereford.  These  breeds  give 
comparatively  little  milk,  but  make  splendid  meat.  An 
Aberdeen  Angus  calf  may  weigh  as  much  as  1000  pounds 

by  the  time  it  is  a  year 
old.  It  is  fed  on  grain 
and  hay  until  it  is  fat 
enough  to  be  killed. 

For  sheep-raising, 
the  Shropshire  is  our 
most  popular  breed 
for  meat  production. 
As  were  many  kinds 
of  dogs,  horses,  and 
cattle,  this  ideal 
Shropshire  sheep  was 
planned  first  and  then 
bred  to  fit  the  plan. 
The  principles  governing  each  case  are  the  same  as  those 
described  in  Chapter  II.  The  American  public  demanded 
tender  meat  without  strong  flavor.  The  butchers  wanted 
plenty  of  meat  on  the  best  cuts.  The  climate  of  this  coun¬ 
try  demanded  an  animal  born  in  the  spring  and  ready  for 
market  in  the  fall. 

Early  in  this  century  American  breeders  visited  Eng¬ 
land  and  Scotland,  for  in  these  countries  breeding  of 
American  sheep  superior  sheep  has  been  carried  on  for  cen- 
were  bred  to  meet  turies.  But  superior  sheep  for  England 
the  American  taste  an(j  gcoflan(j  were  not  necessarily  superior 

sheep  for  America.  The  British  Isles  have  a  mild  winter 
season,  for  instance,  and  the  British  public  likes  strong 
mutton.  But  certain  carefully  selected  animals  were  pur- 
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Fig.  34.  This  Ram  was  bred  "to  Order” 
How  do  you  think  it  was  done? 
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chased  and  brought  home.  One  ewe,  mated  with  an 
American  ram,  produced  several  exceptional  offspring, 
close  to  the  ideal  that  had  been  set.  A  grandson,  named 
Senator  Thickset  (Fig.  34) ,  received  four  first  prizes  at  the 
International  Livestock  Show  in  1929.  He  was  the  father 
of  the  first-prize  pens  of  both  ram  lambs  and  ewe  lambs. 
He  took  similar  honors  in  1931  and  1932,  while  his  sons  and 
daughters  are  still  winning  blue  ribbons. 

One  more  farm  animal  is  sufficiently  different  and 
sufficiently  important  to  deserve  our  brief  attention.  We 
refer  to  the  hen,  whose  ancestors  came  from  the  bamboo 
jungles  of  India  or  possibly  Malaysia. 

The  modern  fowl  has  been  bred  for  its  flesh,  its  eggs, 
and  its  feathers,  in  the  order  of  their  importance.  Some 
of  the  results  of  domestication  and  con-  n  ,  , 

Hens  have  been 

tinued  careful  breeding  may  be  seen  by  bred  for  flesh, 
comparing  the  red  jungle  fowl  in  Fig.  35,  A,  feathers’ and  eggs 
with  the  White  Wyandotte  in  Fig.  35,  C.  The  wild  jungle 
fowl  is  a  poor  source  of  food  when  compared  with  the 
White  Wyandotte. 

One  especially  important  man-produced  improvement 
among  the  characteristics  of  the  modern  fowl  is  in  the 
time  at  which  pullets  begin  to  lay.  Some  of  the  best  now 
lay  their  first  eggs  when  only  five  or  six  months  old.  This 
means  that,  since  the  chick  was  hatched  in  the  spring,  the 
hen  will  be  laying  during  the  winter  months,  when  eggs  are 
less  plentiful  and  therefore  more  expensive.  It  also  means 
a  shorter  period  before  the  hen  begins  to  pay  for  herself. 

Some  of  the  most  popular  breeds  of  hens  in  the  United 
States  are  the  Plymouth  Rock,  the  Rhode  Island  Red,  the 
White  Wyandotte,  and  the  White  Leghorn.  Some  of  these 
breeds  are  shown  in  Fig.  35.  Whiteness  as  inherited  in 
some  varieties  is  a  dominant  Mendelian  characteristic, 
while  in  others  it  is  recessive.  Rose  or  double  combs,  as 
opposed  to  single  combs,  are  always  dominant.  Early 
maturity  appears  also  to  be  a  dominant  characteristic. 
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Fig.  35.  Many  of  our  Domestic  Fowls  are  the  Result  of  Scientific  Breeding 

A,  red  jungle  fowl ;  B,  Rhode  Island  Red ;  C,  White  Wyandotte  ;  D,  Plymouth 
Rock.  What  differences  can  you  find  in  the  various  species  shown  ? 

Let  us  consider  a  flock  of  Rhode  Island  Red  hens.  All 
of  course  are  red.  A  White  Leghorn  rooster  is  added  to  the 
flock.  Next  season  when  the  chickens  hatch,  every  single 
one  is  white!  But  you  must  not  expect  that  these  white 
chickens  when  mature  will  themselves  produce  white 
chicks.  If  a  rooster  from  this  hatch  is  kept  with  the  hens 
from  this  same  hatch,  you  will  have  some  red  chicks  again 
next  season,  this  time  in  the  ratio  of  three  white  ones  to 
one  red  one.  But  if  these  second-generation  red  ones  are 
now  separated  and  kept  together,  they  will  never  produce 
a  single  white  chick !  One  third  of  the  white  ones  will  pro¬ 
duce  only  white  chicks,  but  the  descendants  of  the  other 
white  ones  will  again  appear  in  the  ratio  of  one  red  to  three 
whites.  These  results,  as  you  will  recognize,  are  exactly  what 
you  would  expect  according  to  Mendel's  first  law.  White  in 
this  case  is  a  dominant  characteristic,  while  red  is  recessive. 
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Fig.  36.  The  Raising  of  Poultry  today  depends  upon  Scientific  Principles 

What  advantages  do  you  think  an  incubator  has  over  a  hen  ?  Are  there 
any  disadvantages? 

On  the  larger  poultry  farms  eggs  are  hatched  almost 
exclusively  in  incubators  (Fig.  36).  This  saves  three 
weeks'  time  during  which  a  hen  might  be  laying,  and  it 
makes  possible  a  hatch  of  two  or  three  hundred  or  more 
eggs  at  one  time.  Incubators  must  be  tended  carefully  in 
order  to  keep  a  free  movement  of  air  and  in  order  to  keep 
the  proper  temperature.  This  temperature  must  be  that 
of  the  hen's  body,  which  is  about  120°  F.,  and  it  must  be 
kept  even  during  the  entire  three  weeks  of  incubation. 

D.  What  is  the  Future  of  Fur  Farming? 

Although  man  has  used  the  fur  of  wild  animals  almost 
as  long  as  he  has  depended  on  them  for  food,  he  has  not 
attempted  until  recently  to  raise  fur-bearing  animals  in 
captivity. 

Scores  of  animals  have  been  used  for  their  fur.  The  list 
includes  the  beaver,  muskrat,  seal,  raccoon,  fox,  skunk, 
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squirrel,  marmot,  and  rabbit.  Some  of  these  are  shown  in 
Fig.  37.  How  many  have  you  seen  as  wild  animals? 

Fur  is  the  hairy  outer  covering  of  an  animal,  which  has 
grown  thick  and  soft  and  protects  it  against  the  cold  of 
winter.  As  a  consequence  the  best  furs  are  obtained 
from  animals  that  live  in  the  cooler  regions  of  the  world, 
and  then  only  during  the  winter  months.  Warm  weather 
affects  the  hair  follicles,  or  glands,  of  the  skin  so  that  they 
cease  all  activity.  Dull  lifeless  coats  are  shed.  But  ap¬ 
proach  of  winter  again  causes  renewed  activity. 

Hunters  have  always  obtained  furs  for  themselves  and 
their  families  without  seeming  to  lessen  the  supply.  But  as 
....  ,  soon  as  trappers  and  traders  began  to  get 

hunted  for  their  skins  in  large  numbers  to  sell  in  the  open 
fur  market,  the  danger  of  extinction  of  some 

of  our  wild  animals  became  great.  Beavers  and  seals 
appeared  to  be  doomed.  Even  muskrats  were  growing 
fewer.  The  result  was  obvious :  enterprising  trappers  and 
traders  saw  possibilities  in  fur  farming.  Rabbit  farms, 
skunk  farms,  and  raccoon  farms  were  started.  Fox  farms 
followed  soon  after,  while  recent  accounts  of  a  chinchilla 
farm  show  that  even  some  of  the  most  precious  of  furs  may 
be  raised  under  controlled  conditions. 

Conditions  on  a  silver-fox  farm  illustrate  the  methods 
developed  in  fur  farming.  The  silver  fox  is  believed  to  be 
Fox  farming  is  an  &  freak  offspring,  Or  mutant,  of  the  corn- 
important  industry  mon  re(j  fox?  varying  from  it  only  in  color. 

Its  soft  short  underfur  is  black,  and  the  long  guard  hairs 
are  black  except  for  a  white  ring  a  short  distance  from  the 
tip.  It  is  these  white  rings  that  give  the  fur  the  appearance 
of  frosted  silver.  In  any  family  of  wild  red  foxes  there  may 
be  an  occasional  black  one  and  a  still  more  occasional  silver 
one.  The  best  silver  foxes  have  been  developed  by  breeding 
blacks  together  until  only  blacks  or  silvers  remain.  But 
since  black  is  dominant,  a  person  buying  foxes  for  breeding 
purposes  must  be  sure  that  he  purchases  them  from  a 
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Fig.  37.  Many  Animals  are  valued  for  their  Fur 

The  animal  is  shown  above,  the  fur  below.  A  and  D,  beaver ;  B  and  E ,  raccoon ; 
C  and  F,  silver  fox1 


reliable  ranchman ;  if  he  does  not,  as  much  as  a  quarter  of 
his  stock  may  prove  to  be  red !  Do  you  see  why? 

Many  of  the  silver-fox  farms  today  are  located  on  Prince 
Edward  Island  and  in  Michigan.  There  are  now  more  than 
five  hundred  such  farms  in  the  United  States.  In  order  to 
raise  foxes  successfully  a  man  must  know  about  the  history 
and  habits  of  foxes  and  must  buy  the  best  animals  he  can  find. 

There  are  many  species  of  foxes,  scattered  throughout 
the  world  from  the  Arctic  to  the  tropics.  There  are  prob¬ 
ably  more  varieties  and  color  differences  among  foxes  than 
among  any  other  species  of  fur-bearing  animal. 

Photographs  A  and  B  are  used  by  courtesy  of  the  New  York  Zoo¬ 
logical  Society ;  C,  from  the  Department  of  the  Interior,  Canada. 
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Foxes  mate  in  midwinter.  Their  young  are  born  in 
March  or  April,  and  there  may  be  from  one  to  nine  in  a 
litter,  or  brood.  The  young  are  blind  and  almost  furless 
for  the  first  three  weeks  of  their  lives.  The  mother  remains 
in  the  den  with  them  during  this  time.  She  allows  the 
father  to  bring  her  food,  but  will  not  let  him  enter  the  den. 
Nor  will  she  let  anyone  else  come  near.  It  is  an  anxious 
time  for  the  ranchman.  When  at  last  the  mother  appears 
safe  and  sound  outside  the  den  with  her  little  ones,  he 
rejoices.  By  the  time  the  whelps,  as  the  little  foxes  are 
called,  are  six  or  seven  weeks  old  they  begin  to  eat  solid 
food  and  grow  rapidly.  Both  father  and  mother  keep  close 
watch  over  them,  helping  them  to  secure  food  and  dis¬ 
ciplining  them  whenever  necessary. 

You  may  ask  if  the  silver  fox  has  become  a  domesticated 
animal.  Well,  it  has  to  some  extent.  At  any  rate,  almost 
all  the  silver-fox  skins  on  the  market  today  come  from 
animals  that  have  never  known  a  day  in  the  wild. 


Man  has  domesticated  animals  to  supply  definite  needs.  He 
has  bred  them  to  satisfy  these  needs,  observing  the  laws  of 
heredity  in  the  case  of  animals  as  closely  as  in  the  case  of  plants. 
Modern  horses,  dogs,  cattle,  hens,  and  sheep  show  the  results 
of  careful  breeding.  Foxes  and  other  fur-bearing  animals  are 
raised  successfully  and  are  becoming  domesticated  because 
man  needs  them. 


Can  You  Answer  these  Questions? 

1.  How  did  the  domestication  of  animals  make  it  possible  for 
man  to  establish  more-permanent  homes? 

2.  What  is  a  domestic  animal? 

3.  Do  the  Mendelian  laws  apply  to  the  heredity  of  animals? 
What  evidences  do  you  have  to  support  your  answer? 
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4.  How  does  the  modern  hen  compare  with  the  wild  jungle 
fowl  in  the  characteristics  which  to  us  seem  desirable?  How 
does  she  compare  in  ability  to  live  without  the  protection  of 
man? 

5.  Can  you  explain  why  red  foxes  might  appear  in  a  litter 
from  a  pair  of  silver  foxes  of  unknown  pedigree? 

6.  What  characteristics  of  a  draft  horse  and  of  a  race  horse 
make  each  suited  particularly  to  its  type  of  work? 

7.  What  is  meant  by  the  statement  in  regard  to  sheep 
that  "the  ideal  Shropshire  sheep  was  planned  first  and  bred 
afterwards”  ? 

Questions  for  Discussion 

1.  Could  domesticated  animals  live  if  they  were  suddenly 
deprived  of  man’s  care  and  protection?  Can  you  think  of  any 
that  might  go  back  to  their  wild  state? 

2.  The  statement  is  made  that  animals  are  bred  for  different 
characteristics,  such  as  speed,  weight,  size,  or  color.  How  do 
you  think  this  breeding  is  done? 

3.  What  do  you  think  about  the  question  as  to  whether  the  dog 
first  attached  itself  to  man  or  man  to  the  dog  ? 

4.  Why  were  most  American  Indians  hunters  rather  than 
farmers?  Wliat  domestic  animals  did  the  Indians  have  when 
the  first  white  man  came  to  America? 

5.  We  often  say  that  this  is  a  machine  civilization.  Is  this 
true  of  farm  life? 

6.  Do  you  think  that  such  animals  as  the  fox  or  the  raccoon 
flourish  best  in  their  wild  state  or  in  their  domesticated  state? 

7.  Do  you  think  that  it  is  correct  to  say  that  an  animal  is 
or  is  not  intelligent?  What  evidence  could  you  present  to  sup¬ 
port  your  case? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Many  good  stories  have  been  written  about  wild  and  semi¬ 
wild  animal  life.  If  you  have  not  already  done  so,  you  might 
like  to  read  Jack  London’s  Call  of  the  Wild ,  Ernest  Thompson 
Seton’s  Lives  of  the  Hunted ,  or  some  of  Albert  Payson  Terhune’s 
dog  stories. 
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2.  We  speak  of  the  value  of  fur  which  is  now  produced  by 
domesticated  fur-bearing  animals.  See  if  you  can  find  the  types 
of  animals  most  often  used  for  this  purpose,  how  they  are  do¬ 
mesticated,  and  how  the  value  of  their  fur  compares  with  that 
of  the  animal  trapped  in  its  wild  state. 

3.  Make  a  study  of  the  heredity  of  some  prize  cow,  horse, 
hen,  or  dog.  If  you  wish  to  make  a  more  general  study,  look 
up  the  history  of  some  special  type,  such  as  Shorthorn  cattle 
or  the  Ancon  sheep.  See  how  far  back  you  can  trace  its  an¬ 
cestry.  Perhaps  pictures  or  diagrams  would  help  to  make  your 
story  clearer.  If  you  have  a  kennel  club  or  a  cattle-breeder’s 
association  in  your  locality,  they  can  help  you. 

4.  Make  a  special  study  of  the  red  jungle  fowl  of  India,  using 
Beebe’s  Pheasants .  There  are  other  possibilities  along  the  same 
line.  Where,  for  example,  did  the  domestic  dog,  goose,  or  turkey 
have  its  origin? 

5.  Imagine  that  you  had  been  given  money  to  buy  just  the 
type  of  dog  you  wanted.  Which  one  should  you  select,  and  why? 
You  might  wish  to  prepare  a  good  "sales  talk”  on  your  favorite 
dog. 

6.  Because  of  their  value  many  fur-dealers  today  put  fancy 
names  on  furs  that  commonly  would  not  be  purchased.  For 
example,  Hudson  seal  is  dyed  muskrat.  Go  through  your  local 
newspaper  and  see  how  many  fur  names  you  can  find  that  are 
not  familiar.  Then  try  to  find  out  what  animals  are  used  for 
them. 

7.  If  you  or  any  of  your  friends  have  a  new  litter  of  kittens 
or  puppies  at  home,  study  them  to  find  individual  characteristics 
which  have  been  inherited  from  their  father  and  their  mother. 
Consider  such  questions  as  Do  some  resemble  one  parent,  and 
others  resemble  the  other  parent?  Are  any  of  them  entirely  un¬ 
like  either  parent?  See  what  other  interesting  things  you  can 
find  out  about  them. 


Chapter  IV  •  What  Conditions  give  the  Most 
Efficient  Growth  of  Crops? 

A.  What  General  Conditions  are  Necessary  for  the 
Growth  of  Plants? 

What,  in  the  eyes  of  a  gardener,  makes  up  good  soil? 
Where  is  a  good  place  to  plant  your  garden  ?  What  things 
are  needed  by  all  green  plants  ? 

It  would  not  be  very  hard  for  you  to  prove  that  plants 
need  both  water  and  air.  Doubtless  you  have  done  so  in 
your  earlier  science  work.  You  will  re-  plants  need  water 
member  that  water  is  needed  in  order  and  air 
that  the  roots  of  a  plant  may  take  in  dissolved  mineral 
food  from  the  soil  and  in  order  that  materials  may  be 
carried  to  all  parts  of  the  plant.  But  the  plant  needs  air 
also  in  order  that  the  food-making  and  food-using  processes 
may  go  on.  The  leaves  of  a  plant  use  both  carbon  dioxide 
from  the  air  and  water  from  the  soil  in  the  manufacture  of 
carbohydrates.  The  plant  needs  oxygen  from  the  air  so 
that  it  may  use  the  food  which  has  been  made.  The  oxygen 
combines  with  the  chemical  elements  in  the  foods  to  pro¬ 
duce  the  energy  needed  for  living.  As  a  result  of  these 
chemical  changes  the  foods  are  reduced  to  simple  substances. 

In  addition  to  air  and  water  you  know  that  plants  need 
sunlight.  You  have  observed  the  leaves  on  plants  in  sunny 
windows.  You  have  noticed  the  positions  plants  need  sun- 
of  individual  leaves  on  a  tree.  And  you  shine 
may  have  seen  stems  that  grew  far  beyond  their  natural 
length  in  an  attempt  to  get  into  the  sunlight.  You  may 
have  read,  too,  of  jungle  vines  and  other  plants  that  begin 
growth  upon  the  forest  roof.  And  you  know  that  plants 
develop  rapidly  in  the  long  daylight  hours  of  summer  in 
Canada  and  Alaska.  These  and  similar  observations  should 
confirm  your  opinion  that  plants  need  light. 
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Fig.  38.  Different  Soils  differ  in  Many  Respects 
What  differences  can  you  find  in  A,  clay;  B,  sand;  C,  loam? 


The  fourth  need  for  the  successful  growth  of  plants  is 
summarized  in  the  all-inclusive  expression  "good  soil." 
Plants  need  good  This  is  a  matter  partly  of  the  physical 
soil  structure  of  the  soil  and  partly  of  its 

chemical  composition.  It  is  with  the  question  of  soil  that 
this  chapter  is  chiefly  concerned.  What  is  the  character 
of  good  soil? 

On  the  basis  of  their  physical  structure  soils  may  be  de¬ 
scribed  as  sand,  clay,  and  loam.  Can  you  see  the  differ¬ 
ences  in  the  soil  samples  in  Fig.  38  ?  On  the  basis  of 
chemical  composition  they  are  described  as  acid  or  alkaline 
and  as  rich  or  lacking  in  sulfates,  phosphates,  lime,  ni¬ 
trates,  potash,  or  other  compounds  important  to  the  growth 
of  plants. 

A  sandy  soil  is  coarse,  open,  and  usually  dry,  because 
sand  does  not  hold  water  to  any  great  extent.  Much  of 
the  water  in  soil  is  held  clinging  upon  the  surfaces  of  bits 
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of  soil.  In  sandy  soil  there  is  a  relatively  small  amount  of 
surface  as  compared  with  a  finer  soil.  You  may  see  why 
this  is  so  by  examining  Fig.  38,  B.  Consequently,  sandy  soil 
holds  less  moisture.  A  sandy  soil  is  warmer  than  other  soils 
early  in  the  spring.  Since  sandy  soil  contains  less  water,  an 
hour  of  sunshine  will  warm  it  more  than  the  same  amount 
of  sunshine  will  warm  a  wet  soil. 

Clay  is  composed  of  very  fine,  compact  particles,  or 
pieces.  Surrounding  each  small  particle  is  a  film  of  water ; 
and  since  there  are  so  many  of  these  par-  There  are  many 
tides,  a  soil  that  is  mostly  clay  is  likely  kinds  of  soil 
to  be  a  wet  soil.  Sometimes  the  particles  are  so  compact 
that  plant  roots  can  hardly  penetrate  the  spaces  between 
them  (Fig.  38,  A).  But  usually  a  clay  soil  contains  more  dis¬ 
solved  mineral  substances  than  does  sand.  It  also  stays 
warm  later  in  the  fall,  since  it  contains  more  water  and 
loses  heat  more  slowly.  Water,  you  may  know,  is  slow  to 
warm  up  in  comparison  with  air  or  rocks,  but  once  warm  it 
takes  a  long  time  to  cool.  In  scientific  terms  we  say  that  the 
specific  heat  of  water  is  higher  than  the  specific  heat  of  soil. 

Intermediate  between  sand  and  clay  is  silt.  None  of 
these  terms  tell  anything  about  the  chemical  composition 
of  soil.  They  refer  only  to  the  size  of  the  particles  of  which 
the  soil  is  composed.  Particles  of  soil  are  called  sand  if  they 
range  in  size  between  inch  and  5^  inch.  Particles  larger 
than  sand  are  called  gravel.  Silt  ranges  in  size  from  5^0  inch 
to  5^0  inch.  Extremely  small  particles,  less  than  5  qV 0  inch 
in  diameter,  are  called  clay. 

Humus  is  the  name  given  to  remains  from  partly  de¬ 
cayed  plant  or  animal  matter  in  the  soil.  A  soil  that  is 
rich  in  humus  is  likely  to  be  light  and  porous;  it  is  not 
closely  packed  together.  It  also  contains  the  minerals 
needed  by  plants,  especially  sulfates,  phosphates,  and 
nitrates,  which  came  from  the  decayed  plants  or  animals. 
If  not  well  supplied  with  air,  however,  a  soil  rich  in  humus 
has  a  tendency  to  become  acid.  Acids  are  formed  as  the 


78  How  Man  gained  Control  over  Living  Things 


Fig.  39.  Good  Soil  is  a  Mixture  of  Many  Things 


materials  that  made  up  the  protoplasm  (living  matter  in 
the  cells)  of  the  plants  and  animals  are  broken  down  into 
simple  substances.  One  of  the  acids  is  carbonic  acid.  This 
acid  (H2CO3)  is  a  product  of  the  combination  of  carbon 
dioxide  (CO2)  and  water  (H20).  The  carbon  dioxide  is 
given  off  in  the  process  of  decay,  or  oxidation,  of  protoplasm. 

Loam  is  soil  composed  of  a  mixture  of  sand,  silt,  clay,  and 
humus.  Loam  is  good  soil  for  most  cultivated  crops  be¬ 
cause  it  is  open  enough  to  admit  the  needed  air  for  plant 
roots.  Besides,  it  holds  moisture,  but  not  too  much ;  and  it 
contains  minerals  needed  as  food  by  growing  plants.  Loams 
are  sometimes  divided  into  two  classes,  sandy  loams  and  clay 
loams.  Can  you  guess  the  difference?  Do  you  think  there 
would  be  any  definite  dividing  line  between  the  two  classes  ? 

Good  soil  should  also  contain  earthworms  and  different 
kinds  of  bacteria,  plants  so  small  that  they  can  be  seen  only 
through  a  microscope.  Fig.  39  is  a  photograph  made  from 
a  sample  of  good  soil.  Notice  that  it  is  a  mixture  of  sand, 
silt,  and  clay.  It  must  contain  certain  chemicals,  each  in 
the  proper  amount.  Of  these  you  will  learn  more  later  in 
the  chapter. 
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Underwood  &  Underwood 

Fig.  40.  The  Successful  Cultivation  of  Rice  requires  Heat  and  Moisture 
Do  you  think  the  environment  shown  here  is  good  for  rice  ? 


But,  you  may  say,  there  are  all  sorts  and  conditions  of 
soils  in  the  world,  and  still  plants  grow  nearly  everywhere. 
How  is  this  ?  Can  it  be  that  different  plants  need  different 
conditions  in  which  to  grow  ?  Do  some  need  more  sunlight 
than  others  ?  Do  some  need  more  moisture,  more  warmth, 
or  more  dissolved  minerals  ? 

If  you  stop  to  think  about  a  few  of  the  plants  with  which 
you  are  familiar,  —  rice,  cotton,  corn,  potatoes,  citrus 
fruits,  cranberries,  oak  trees,  coconuts,  or  Different  piants 
reindeer  moss,  —  you  realize  that  certain  need  different 
factors  are  necessary  for  growth  in  any  of  kmds  of  SGl1 
them  but  that  other  factors  may  vary  considerably  both 
as  to  kind  and  amount.  Rice,  for  instance,  requires  con¬ 
siderable  heat  and  abundant  moisture,  as  you  can  see  from 
Fig.  40.  Most  varieties  of  corn  require  light,  sandy,  alka- 
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line  soil.  Cotton  requires  more  warmth  and  a  longer  season 
of  growth  than  potatoes ;  citrus  fruits  require  more  warmth 
than  wheat.  Cranberries  grow  only  in  acid  bogs.  They 
flourish  where  corn  and  oats  would  not  grow. 

The  environment  in  which  a  plant  grows  is  often  spoken 
of  as  its  habitat.  We  recognize  such  habitats  as  those  of 
the  jungle,  the  desert,  the  arctic  tundra,  the  seashore,  and 
the  open  sea,  —  to  mention  only  a  few.  Upon  a  single  farm 
in  the  United  States  we  may  find  forest  land,  swamps,  peat 
bogs,  pasture,  sandy  upland,  and  moist  meadows.  Upon 
each  kind  of  land  we  find  different  plants. 

A  cultivated  plant,  in  general,  needs  the  same  kind  of 
habitat  as  its  wild  relatives  or  ancestors.  Therefore  plants 
should  be  studied  in  their  native  habitats.  Because  many 
people  fail  to  do  this,  they  are  unsuccessful  in  their  at¬ 
tempts  at  transplanting  wild  flowers  or  shade  trees.  Have 
you  ever  tried  to  transplant  a  fern  from  a  cool  damp  spot 
to  a  sunny  garden?  Careful  study  of  native  habitats  made 
possible  the  successful  rubber  plantations  and  the  culti¬ 
vated  blueberry,  to  mention  only  two  examples. 

The  Spaniards  who  settled  Mexico  in  the  sixteenth  and 
seventeenth  centuries  tried  in  vain  to  grow  in  the  new 
country  the  crops  with  which  they  were  familiar  in  Spain. 
It  was  not  until  they  began  raising  native  Indian  crops 
that  they  had  any  degree  of  success.  On  the  other  hand, 
the  Pilgrim  Fathers  in  Massachusetts  took  advice  from  the 
friendly  Indians.  They  were  saved  from  starvation  by  their 
success  with  corn,  squashes,  pumpkins,  and  potatoes,  all 
of  which  were  native  crops. 

Experience  has  shown  that  some  plants  require  an  acid 
condition  of  the  soil,  while  others  require  a  soil  that  is 
alkaline.  Blueberries,  arbutus,  cranberries,  and  winter- 
green  grow  best  in  acid  soils.  Experiments  by  experts  in 
agriculture  have  confirmed  earlier  observations  to  this 
effect.  If  you  wish  to  have  clumps  of  mountain  laurel  or 
rhododendrons  about  your  house,  you  must  provide  them 
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also  with  acid  soil.  This  may  be  done  by  adding  small 
quantities  of  certain  acid  salts  to  the  soil  or  by  keeping  a 
supply  of  leaf  mold  around  them. 

Grass  grows  best  upon  a  lawn  that  is  slightly  acid.  On 
the  other  hand,  almost  all  garden  vegetables  require  an 
alkaline  soil.  Calcium  carbonate  (CaCOs),  -  ,  U1 

v  Garden  vegetables 

commonly  called  lime  by  the  gardener,  need  an  alkaline 
acts  as  an  alkali  in  the  soil,  in  that  it  will  sci1 
act  chemically  with  acids  and  neutralize  their  effects.  If 
you  add  lime  to  your  lawn,  you  are  encouraging  a  fine  crop 
of  weeds,  since  weeds  are  better  adapted  than  grass  to  the 
alkaline  condition. 


B.  How  should  Land  be  Cultivated? 

Since  the  very  beginnings  of  agriculture  man  has  used 
the  hoe,  the  plow,  the  spade,  and  the  scythe  or  sickle. 
Probably  his  first  plow  was  only  a  stick,  forked  so  that  it 
would  cut  a  better  furrow.  Even  the  men  of  the  New 
Stone  Age  knew  that  plowing  their  land  improved  it  in 
several  ways. 

Plowing  destroys  many  weeds  by  uprooting  them,  so  that 
the  land  is  left  clear  for  planting.  It  lets  in  air  and  loosens 
the  soil,  so  that  roots  may  penetrate  the 
soil  more  easily.  It  keeps  water  in  the  Weeds”letseair°kito 
soil  by  preventing  rapid  evaporation,  as  soil;  ;iml  prevents 

;  .  rapid  evaporation 

may  be  seen  from  the  following  experi¬ 
ments.  Can  you  see  evidence  of  these  effects  in  Fig.  42? 
Hoeing  serves  the  same  purpose.  You  must  hoe  the  garden 
to  save  moisture  as  well  as  to  cut  the  weeds. 

1.  Get  two  flowerpots  of  the  same  size  and  fill  them  with 
loose,  well-powdered  soil.  In  one  pot  make  no  attempt  to 
pack  the  earth  tightly,  but  level  it  off  evenly  at  the  top. 
In  the  second  pot  push  the  soil  down  just  as  hard  as  you 
can.  Pack  it  down  until  you  have  come  as  near  as  possible 
to  conditions  in  an  unplowed  field.  Now  set  both  pots  in 
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Fig.  41.  Some  of  our  Processes  in  Agriculture  have  a  Primitive  Origin 

Above,  an  agricultural  scene  about  3000  B.c.,  as  carved  on  the  walls  of  an 
Egyptian  nobleman’s  tomb.  Below,  a  farmer  of  today  in  a  primitive  part  of  the 
world.  Are  there  any  differences? 

a  pan  of  water.  In  which  pot  does  the  top  of  the  soil  become 
moist  sooner  ?  Which  absorbs  water  more  rapidly  ?  Which 
will  lose  water  more  rapidly  by  evaporation  ? 

2.  Take  two  lumps  of  sugar.  Place  one  on  top  of  the 
other  in  a  saucer  of  colored  water.  Watch  the  water  as  it 
rises.  How  do  you  account  for  the  effect  just  as  the  liquid 
reaches  the  top  of  the  bottom  lump  ? 
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Developments  in  plowing  have  been  largely  the  result 
of  development  of  better  machines  for  doing  the  work. 
Contrast  Fig.  41  with  Fig.  42. 

When  man  was  young  upon  the  earth  and  there  were 
many  more  square  miles  of  possible  farming  lands  than 
there  were  men  to  cultivate  them,  the  problems  of  keeping 
soil  in  good  condition 
were  not  serious.  If 
the  land  "ran  out,” 
the  early  farmer  had 
simply  to  move  on  to 
other  lands  that  were 
better.  But  the  time 
came  in  many  of  the 
more  desirable  parts 
of  the  world  when  men 
became  more  numer¬ 
ous  than  the  good 
farms.  Then  these 
lands  became  valu¬ 
able.  They  must  be 
kept  in  good  condi¬ 
tion  for  raising  crops 
each  year  or  at  least 
nearly  every  year. 

Agriculture  and  the 
early  agricultural  civi¬ 
lizations,  such  as  that  of  the  ancient  Babylonians  and  Assyr¬ 
ians,  began  upon  the  flood  plains  of  the  world's  large  rivers. 
Each  spring  the  Tigris-Euphrates  overflowed  its  banks  and 
spread  upon  the  fields  a  layer  of  fine  rich  soil  brought  down 
from  the  mountains  to  the  north.  This  soil  contained  min¬ 
eral  substances  dissolved  from  rocks,  and  Most  land  must  be 
it  contained  humus.  Each  year  the  farmers  fertilized 
in  the  river  valley  had  fine  rich  soil  in  which  to  grow  their 
crops.  Similar  conditions  prevailed  in  Egypt.  But  as  the 


Fig.  42.  Plowing  is  Important  for  several 
reasons 

Contrast  this  picture  with  Fig.  41 
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population  of  the  world  increased  and  it  became  necessary 
to  farm  other  lands  farther  back  from  the  flood  plains, 
something  had  to  be  done  about  fertilizing  them.  Man  had 
to  add  to  his  "gifts  from  the  gods.” 

What  becomes  of  the  mineral  substances  that  play  such 
an  important  part  in  making  rich  soil  ?  Why  do  they  need 
to  be  renewed?  Plants  use  them  in  growing,  or  building 
new  cells.  Every  bit  of  living  protoplasm  contains  nitro¬ 
gen,  and  usually  sulfur,  potassium,  phosphorus,  and  other 
elements.  There  may  be  as  many  as  sixteen  different 
chemical  elements  in  the  cells  of  a  living  body.  Except  for 
carbon  from  the  air  all  these  are  taken  from  the  soil,  either 
directly  in  the  case  of  plants  or  indirectly  in  the  case  of 
animals.  In  a  forest  or  a  field  where  plants  grow  and  die, 
where  animals  may  eat  the  plants  but  in  time  die  upon  the 
same  soil,  these  substances,  although  taken  from  the  soil, 
are  later  returned  to  it.  The  uncultivated  field  or  forest  is 
like  a  balanced  terrarium  except  that  rain  water  flowing 
over  the  soil  carries  some  of  the  minerals  away  in  solution. 
Except  for  changes  caused  by  running  water  the  mineral 
content  would  remain  the  same. 

By  way  of  contrast  take  a  field  of  wheat.  It  grows  upon 
the  soil  and  takes  minerals  from  it,  for  minerals  are  needed 
!  f  in  making  living  tissue.  It  is  harvested 

crops ^ fromthe  and  s old .  Consequently  the  land  has  lost 

land  leaves  the  soil  part  0f  its  mineral  wealth.  This  process, 
even  upon  the  richest  lands,  cannot  go  on 
indefinitely  if  man  expects  the  best  of  crops.  When  man 
interferes  with  nature  in  this  way,  he  must  do  something 
to  make  good  the  loss. 

The  first  type  of  fertilizing  was  in  the  use  of  manure  from 
the  farm  animals.  Such  matter  has  its  origin  in  plants; 
therefore  it  contains  the  chemical  elements  necessary  for 
plant  growth.  Later,  weeds  were  plowed  in  so  as  to  provide 
humus,  or  "green  manure,”  and  the  compost  heap  was 
used.  This  consists  of  both  plant  and  animal  refuse  piled  up 
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Fig.  43.  Large  Deposits  of  Saltpeter,  or  Sodium  Nitrate,  are  found  in  Chile 

If  you  will  look  at  a  rainfall  map  of  South  America,  you  will  find  that 
these  deposits  are  located  in  a  region  where  there  is  almost  no  rain 

and  allowed  to  decay.  When  partially  decayed  it  is  spread 
upon  the  fields.  Compost  contributes  to  the  land  the  min¬ 
erals  that  had  been  taken  from  it  by  plants  as  they  grew. 

Farmers  early  learned  that  lime  may  be  added  to  the 
soil  to  get  rid  of  an  acid  condition.  An  acid  common  in 
the  soil  results  from  the  decay  of  humus  where  there  is 
insufficient  air.  This  acid  acts  with  the  alkali  from  lime 
to  form  a  salt  which  is  inactive  in  the  soil.  Such  a  process 
is  this : 

2  HNOs  +  CaC03  — ►  Ca(N03)2  +  H2C03 

Nitric  acid  and  calcium  carbonate  (lime)  react  to  produce 
calcium  nitrate  (a  salt)  and  carbonic  acid.  By  a  further 
step  the  carbonic  acid  is  decomposed,  or  broken  up,  into 
carbon  dioxide  and  water.  Lime  is  contained  in  ground 
bones  or  bone  ash,  clamshells,  or  crushed  limestone. 

No  other  advances  in  the  method  of  fertilizing  were  made 
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Galloway 

Fig.  44.  Nitrates  are  now  made  from  the  Air  in  Plants  such  as  this  One 


until,  in  the  last  century,  guano  beds  were  discovered  on 
islands  off  the  dry  western  coast  of  South  America.  These 
guano  beds  consist  largely  of  the  droppings  of  birds  that 
live  along  the  rocky  cliffs.  Guano  spread  upon  the  fields 
increases  the  nitrogen,  potassium,  and  phosphorus  content 
of  the  soil. 

Chile  saltpeter,  or  sodium  nitrate  (NaNOa),  found  ex¬ 
tensively  in  Chile  (see  Fig.  43)  has  been  exported  in  large 
quantities  from  that  country.  This  de- 
pounds  are°manu-  posit  in  Chile  is  the  only  important  deposit 
factured  from  0f  nitrates  known  in  the  world,  and  before 
nitrogen  o  t  e  air  most  of  the  nitrates  used  in  the  world 

came  from  this  source.  The  supply  was  rapidly  diminish¬ 
ing,  and  in  the  minds  of  some  there  was  grave  fear  for  the 
future  of  civilization.  During  the  World  War  a  chemical 
process  was  developed  for  making  nitrogen  compounds 
out  of  nitrogen  from  the  air.  Now  there  is  an  abundance 
of  nitrogen  compounds  for  every  possible  need.  Fig.  44 
shows  the  interior  of  a  modern  plant.  See  if  you  can  find 
out  anything  about  the  process. 
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Fig.  45.  Southern  Germany  is  an  Important  Source  of  Potash 


The  picture  shows  the  interior  of  a  potash  mine 


In  addition  to  nitrates  plants  need  phosphates.  These 
are  supplied  artificially,  chiefly  in  the  form  of  bone  meal  and 
phosphate  rock.  Bone  meal,  as  its  name  suggests,  consists 
of  the  bones  of  animals.  It  is  a  by-product  from  slaughter¬ 
houses.  Phosphate  rocks  are  found  in  Florida,  Tennessee, 
and  a  few  other  places.  They  are  natural  compounds  con¬ 
taining  phosphorus. 

Plants  need  potassium  compounds  also.  Potassium  com¬ 
pounds  are  part  of  the  mineral  matter  left  from  burning 
and  decay.  Your  great-grandmothers  may  have  obtained 
potash  from  wood  ashes,  for  use  in  making  soap.  Today 
potassium  compounds  are  obtained  from  natural  potash 
deposits  (see  Fig.  45),  the  most  important  of  which  are 
found  in  southern  Germany. 

From  this  description  you  may  note  that  plants  need  a 
number  of  elements  for  growth.  About  sixteen  chemical 
elements  are  used  by  plants.  Some  of  them  are  present  in 


88  How  Man  gained  Control  over  Living  Things 

the  soil  in  sufficient  quantities  so  that  there  is  little  need 
to  worry  about  them  at  present.  Other  elements  must  be 
renewed  in  land  that  is  constantly  under  cultivation. 

The  elements  taken  from  the  soil  must  be  present  in 
simple  compounds.  To  take  a  very  simple  case :  when  a 
.  ,  plant  makes  sugar,  it  must  use  carbon 

chemical  com-  dioxide  and  water.  The  carbon,  oxygen, 
pounds  and  hydrogen  as  uncombined  elements 

would  be  of  no  value  in  the  food-making  process.  Likewise 
when  a  plant  makes  protoplasm,  it  needs  nitrates,  phos¬ 
phates,  sulfates,  and  carbonates.  But  it  cannot  use  nitrogen, 
phosphorus,  or  sulfur  as  simple  elements. 


C.  What  are  Reasons  for  Rotating  Crops? 


The  poet  Virgil,  two  thousand  years  ago,  advised  the 
Roman  farmers  to 

learn  the  peculiarities  of  your  soil  and  climate  —  Either  let  the 
land  lie  fallow  every  other  year  or  else  let  spelt  follow  pulse, 
vetches,  or  lupine.  Repetition  of  one  crop  exhausts  the  ground ; 
rotation  will  lighten  the  strain,  only  the  exhausted  soil  must  be 
copiously  dressed  with  manure  or  ashes. 


Farmers  no  longer  follow  the  advice  of  Virgil  with  respect 
to  fallowing.  Crop  rotation  is,  however,  recognized  today 
T  .  ,  as  important  in  maintaining  soil  fertility, 

the  nitrogen  con-  The  crops  included  in  a  plan  of  rotation 
tent  of  the  soil  are  different  different  places.  A  typical 
three-year  plan  of  rotation  for  the  corn  belt  is  corn,  wheat, 
and  clover.  In  the  cotton  belt  it  may  be  cotton,  corn,  and 
clover.  A  four-year  rotation  common  in  New  England  is 
(1)  corn,  (2)  oats,  (3)  clover,  and  (4)  timothy.  Such  a 
crop-rotation  plan  is  shown  in  Fig.  46.  In  each  case  clover 
or  some  other  legume  is  used  because  legumes  store  nitrogen 
and  thus  enrich  the  soil. 

It  was  not  until  about  fifty  years  ago  that  the  chemist 
Berthelot  and  others  suggested  a  reason  why  a  grain  crop 
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Fig.  46.  The  Modem  Farmer  rotates  his  Crops 

The  plan  shown  here  is  only  one  of  many.  Do  you  know  of  any  others  ? 

Of  what  benefit  is  crop  rotation? 

should  follow  a  crop  of  legumes,  such  as  clover,  peas,  beans, 
vetch,  or  alfalfa.  It  had  been  suspected  and  later  proved 
that  legumes  enrich  the  nitrogen  content  of  the  soil  while 
other  crops  use  up  the  nitrogen. 

Two  German  scientists  performed  the  following  interest¬ 
ing  experiment.  They  planted  clover  seeds  in  pure  sand 
that  had  been  baked  so  as  to  kill  bacteria.  The  clover 
grew  rather  poorly,  and  under  these  conditions  it  did  not 
add  to  the  nitrogen  content  of  the  soil.  Then  the  scientists 
ran  some  water  through  a  pot  of  garden  soil.  A  few  drops 
of  this  water  were  added- to  fresh  sand,  in  which  they  planted 
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Fig.  47.  Nitrogen-Fixing  Bacteria  live  upon  the  Roots  of  Many  Legumes, 
such  as  Clover,  and  convert  the  Nitrogen  and  Oxygen  of  the  Air  into 

Nitrates 


The  picture  shows  the  nodules  upon  roots  of  soy  bean 


more  clover  seeds.  This  time  the  clover  grew  better,  and 
the  nitrogen  content  of  the  soil  was  increased.  This  may 
have  seemed  strange  indeed,  but  there  is  a  good  scientific 
reason  why  water  that  had  flowed  through  rich  soil  and 
then  had  been  poured  on  the  soil  that  had  been  baked  caused 
clover  to  grow  more  luxuriantly  in  the  baked  soil. 

After  further  experiments  and  after  observations  of  the 

roots  of  the  clover  the  following  explanation  was  made: 

^  .  _  .  There  are  certain  bacteria  in  the  soil  — 

can  convert  nitro-  introduced  in  the  above  experiment  in  the 

gen  and  oxygen  garden  water  —  that  are  able  to  convert 
into  nitrates  .  .  . 

nitrogen  and  oxygen  of  the  air  into  nitrates. 
These  "nitrogen-fixing”  bacteria  live  in  nodules,  or  bunches, 
upon  the  roots  of  the  legumes.  You  may  see  the  nodules  if 
you  look  for  them  (Fig.  47).  The  bacteria  within  them 
may  be  seen  with  a  good  microscope.  The  bacteria  obtain 
part  of  their  food  from  their  hosts  (the  legumes),  but  take 
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nitrogen  from  the  air.  The  host  plant  in  turn  uses  the 
products  built  up  by  the  bacteria.  Legumes  may  be  cut 
for  fodder  or  may  be  plowed  under  for  green  manure. 

Experiments  show  that  different  crops  have  different 
needs.  Certain  crops  require  more  phosphates,  others  more 
nitrates,  and  still  others  more  potash.  Wheat  draws  heavily 
upon  the  store  of  nitrates.  Clover  draws  more  heavily  upon 
the  potash  and  phosphate. 

Much  more  knowledge  is  needed  about  crop  rotation. 
A  recent  report  from  an  Eastern  state  gives  some  interesting 
figures  on  the  yield  when  certain  crops  were  followed  by 
certain  other  crops.  Potatoes,  for  instance,  yielded  324 
bushels  per  acre  when  following  cabbage,  and  466  bushels 
per  acre  when  following  squash.  Rutabagas  after  cabbage 
yielded  900  bushels  per  acre,  while  rutabagas  after  rutabagas 
yielded  only  417  bushels  per  acre,  other  conditions  being 
equal. 

Another  value  of  crop  rotation  is  the  economical  use  of 
farm  labor.  Some  kinds  of  crops  demand  attention  as  soon 
as  the  frost  is  gone  in  spring.  Others  demand  most  care 
during  the  summer  months,  while  still  others  require  most 
work  in  harvesting.  If  the  farmer  can  plan  his  work  and 
that  of  his  men  and  machines  so  that  some  comes  at  one  time 
and  some  at  another  rather  than  all  at  once,  he  has  taken 
one  more  step  toward  effective  control  of  his  environment. 


D.  How  are  Farm  Lands  protected  from  Erosion? 

As  farmers  have  become  limited  in  their  choice  of  lands 
and  as  it  has  become  increasingly  necessary  for  them  to  use 
what  they  have,  problems  of  drainage  and  irrigation  have 
grown  in  importance.  Can  swamp  land  be  farmed?  Can 
semi  desert  land  ? 

The  farmer  must  first  of  all  consider  the  crops  that  are 
adapted  to  his  particular  kind  of  land.  If  he  has  a  warm, 
wet  meadow  south  of  the  frost  line,  he  may  be  able  to  raise 
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*  Loibelmann  Syndicate 

Fig.  48.  Certain  Soils  from  Dry  Wind-Blown  Land  drift  like  the  Sand  of 
the  Seashore 


The  picture  shows  topsoil  from  a  Mid-Western  farm  during  a  severe 
period  of  drought 


rice.  For  such  a  crop,  water  is  needed  in  abundance.  If 
he  lives  upon  dry  wind-blown  land,  one  of  the  new  sorghums 
may  be  just  the  thing.  A  farmer  upon  such  land  may  be 
especially  successful  with  grass  and  grains.  His  next-door 
neighbor  who  attempts  vegetables  may  find  that  the  top¬ 
soil  of  his  field  has  been  blown  away  (Fig.  48).  Vegetables 
should  not  be  grown  on  such  dry  soil. 

But  having  chosen  crops  as  nearly  suited  to  his  land  as 
he  can  find  and  having  taken  advantage  of  expert  ad¬ 
vice  that  may  be  had  from  state-college  or  agricultural- 
experiment  stations,  the  farmer  may  still  find  it  necessary 
either  to  drain  the  land  or  to  irrigate  it.  Large  areas  of 
semidesert  lands  in  our  own  West  have  been  watered  arti¬ 
ficially  by  means  of  ditches  (Fig.  49).  Other  areas  are  lined 
and  crosslined  by  ditches,  as  in  Fig.  50,  dug  for  the  pur¬ 
pose  of  draining  off  surplus  water.  But  the  problems  of 
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Fig.  49.  Proper  Methods  of  Irrigation  have  changed  Areas  of  Land 
once  Arid  into  Rich  Farm  Country 


Fig.  50.  Drainage  Ditches  are  sometimes  used  on  Land  which  without 
them  would  be  Unfit  for  Agricultural  Use 
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too  much  or  too  little  water  upon  the  land  are  as  yet  far 
from  being  solved.  Is  there  waste  land  in  your  community? 

Not  long  ago  we  passed  a  sandy  hillside  near  a  state 
road.  A  forest  of  white  pines  that  had  covered  this  area 
had  been  cut  some  seven  years  before.  Now  down  the  side 
of  the  hill  gaped  two  long  gullies,  one  of  them  about  fifteen 
feet  deep  and  more  than  thirty  feet  wide,  the  other  not 
quite  so  large.  At  the  foot  of  the  hill  and  spreading  well 
out  over  the  cement  of  the  state  road  was  a  V-shaped 
Bare  soil  cannot  ridge  of  sand.  "A  few  more  rains,”  we 
remain  on  hillsides  remarked,  "and  that  hill  will  bury  the 
road.”  "Bad  planning,  cutting  those  trees,”  returned  our 
companion.  Yes,  trees  would  have  held  that  soil.  Grass 
would  have  held  it.  But  bare  land  cannot  remain  upon 
a  hillside  against  the  force  of  running  water.  Erosion  will 
necessarily  result. 

Examples  of  erosion,  or  wearing  away  of  earth,  as  con¬ 
spicuous  as  that  just  mentioned  are  noticed  by  every  ob¬ 
serving  tourist.  But  did  you  notice  the  color  of  the  brook 
or  river  after  the  last  rainstorm?  Somebody’s  good  soil 
gave  the  water  that  color.  Somebody’s  soil,  including  solu¬ 
ble  minerals,  was  on  its  way  down  toward  the  ocean. 

An  expert  from  the  United  States  Department  of  Agri¬ 
culture  has  estimated  that  more  than  thirty  million  acres 
formerly  cultivated  in  this  country  have  been  so  worn 
away,  or  eroded,  that  they  are  no  longer  worth  farming. 
He  adds  that  "more  plant  food  is  removed  every  year  by 
erosion  than  is  used  by  crops.” 

Experiments  with  erosion  in  Missouri  have  shown  that 
rains  falling  upon  cultivated  land  may  wash  away  one 
inch  of  soil  in  from  one  to  seven  years.  It 
maybe\ufilt°inS011  was  further  shown  that  nature  takes  an 
four  hundred  years  average  of  four  hundred  years  to  build  up 
an  ero  e  m  our  ^jg  jnck  ^-0ps0jj  And  it  may  be  worth 

while  to  add  that  topsoil,  in  which  crops  do  most  of  their 
growing  and  from  which  they  obtain  most  of  their  mineral 


The  Growth  of  Crops 


95 


Ewing  Galloway 

Fig.  51.  Grass  holds  Soil  in  Place  and  Prevents  Erosion 
How  do  you  think  it  helps  ? 


food,  is  seldom  more  than  six  or  seven  inches  deep.  In 
many  places  it  is  not  so  deep  as  this.  Simplest  arithmetic 
shows  that  bare  land  may  be  eroded  in  less  than  a  genera¬ 
tion  of  the  wealth  which  it  took  several  hundred  years  to 
collect. 

To  prevent  erosion  all  sloping  land  should  be  kept  cov¬ 
ered  with  trees  or  grass.  Look  at  the  hillside  in  Fig.  51. 
Where  it  is  absolutely  necessary  to  use  such  land,  it  should 
be  terraced,  and  grass  should  be  left  upon  the  slopes. 
If  grass  can  be  grown  one  year  in  three  and  culti¬ 
vated  crops  grown  the  other  two  years,  erosion  is  slowed 
down,  since  the  grass  roots  remain  in  the  soil.  Alfalfa 
or  clover  may  be  used  where  necessary  instead  of  grass, 
although  the  roots  are  not  so  thick.  Gullies  should  be 
filled  with  straw  and  tree  limbs  while  they  are  still  small. 
No  soil  on  sloping  ground  should  be  left  bare  at  any 
time. 
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Fig.  52.  Levees  are  used  along  the  Mississippi  River  to  hold  the 
Water  in  Check 


E.  What  are  Some  Steps  in  Flood  Control? 

Problems  of  flood  control  are  closely  tied  up  with  prob¬ 
lems  of  erosion.  Nor  can  we  find  any  better  illustration 
of  the  connection  between  the  two  than  in  the  case  of  our 
own  Mississippi  River  and  the  area  which  it  drains. 

Each  year  the  United  States  government  spends  millions 
of  dollars  building  levees  to  "hold  the  river.”  A  levee,  as 
shown  in  Fig.  52,  is  an  embankment  of 
lems  increase  as  earth  piled  up  along  a  river  s  edge  m  an 

™  ltfvatedS  arC  eff°rt  to  prevent  the  river  from  overflow¬ 

ing  upon  the  land  at  that  particular  place. 
Two  centuries  ago  early  French  settlers  made  the  first 
levees  along  the  Mississippi.  They  were  highly  successful. 
More  people  settled  along  the  river,  others  at  its  sources. 
More  and  more  people  wanted  their  land  protected.  More 
levees  were  built.  Two  long  levees  parallel  its  banks  for 
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two  thousand  miles  until  the  river  has  no  room  left  for 
overflow.  The  result  ?  It  breaks  through  the  weaker  spots 
in  the  levees.  It  may  destroy  miles  of  them  and  flood 
millions  of  acres  of  crops. 

Floods  along  the  river  are  becoming  worse  each  year. 
Is  there  more  rain  today  ?  Does  the  river  carry  any  more 
water  than  it  did  two  centuries  or  even  two  generations 
ago?  No,  it  does  not.  But  the  water  used  to  trickle  down 
through  the  forests  and  along  through  the  grass  roots,  and 
stand  a  while  in  swamps  and  bogs.  It  might  evaporate 
before  it  ever  reached  the  river  or  run  in  a  steady  flow 
throughout  the  seasons.  Today,  however,  over  large  areas, 
the  means  by  which  erosion  was  prevented  are  gone. 


Good  soil  depends  upon  many  factors.  Among  them  are  its 
composition  and  structure  and  its  chemical  content.  Good 
soil  for  one  crop  is  not  good  soil  for  another.  Soil  should  be 
protected  just  as  other  natural  resources  are.  Among  the 
means  for  this  are  cultivation,  fertilization,  crop  rotation, 
drainage,  irrigation,  and  protection  against  erosion. 


Can  You  Answer  these  Questions? 

1.  What  factors  of  the  environment  are  essential  to  plant 
growth?  What  evidence  can  you  give  to  show  the  importance 
of  each  of  these  factors? 

2.  What  different  kinds  of  soil  can  you  name?  What  are  the 
essential  differences  between  them?  What  relationship  do  these 
differences  have  to  the  value  of  the  soil  for  plant  growth? 

3.  Certain  plants  will  grow  only  in  acid  soil,  while  others  will 
grow  only  in  alkaline  soil.  How  may  man  treat  the  soil  so  as  to 
provide  these  necessary  essentials  for  plant  growth?  What  is 
accomplished  by  plowing  and  hoeing? 

4.  What  is  meant  by  crop  rotation?  Why  is  it  necessary? 
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5.  Why  is  it  necessary  to  fertilize  some  lands?  What  types 
of  fertilizers  are  commonly  used?  What  does  each  contribute 
to  the  soil? 

6.  What  are  legumes?  What  part  do  they  play  in  enriching 
the  soil  ? 

7.  What  relationships  are  there  between  tree  conservation 
and  the  problems  of  erosion? 

8.  Why  do  flood-control  problems  increase  as  more  lands  are 
cultivated  ? 

Questions  for  Discussion 

1.  One  organism  living  upon  another  kind  of  organism,  as  in 
the  case  of  bacteria  upon  the  roots  of  clover,  taking  something 
from  its  host  but  giving  something  also  in  return,  is  an  example 
of  symbiosis.  Can  you  find  other  examples  of  symbiosis? 

2.  About  1910  a  practical  method  was  developed  for  making 
nitrogen  compounds  from  nitrogen  in  the  air.  Could  the  great 
nations  of  the  world  produce  enough  food  for  their  people  to¬ 
day  if  this  process  had  not  been  developed? 

3.  Until  very  recently  in  the  United  States  land  has  been 
cheap  and  labor  comparatively  expensive.  What  effects  has 
this  had  upon  the  upkeep  of  the  land? 

4.  Do  you  believe,  as  some  agricultural  experts  do,  that  some 
lands  in  the  United  States  are  so  poor  that  they  are  not  worth 
farming?  If  so,  to  what  use  do  you  think  these  lands  should 
be  put? 

5.  What  conditions  favorable  to  certain  crops  in  Spain  are 
not  found  in  Mexico? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Find  a  map  of  the  United  States  showing  the  crops  pro¬ 
duced  in  various  regions.  From  your  knowledge  of  these  regions 
and  the  conditions  necessary  for  the  growth  of  particular  crops 
explain  why  each  crop  shown  should  be  peculiar  to  that  par¬ 
ticular  region. 

2.  If  there  is  any  clover  growing  in  your  region,  dig  up  some 
of  it  and  see  whether  there  are  any  nodules  on  its  roots.  If 
possible,  examine  these  nodules  under  a  microscope  and  report 
on  what  you  find. 
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3.  It  has  recently  been  suggested  that  serious  floods  might 
be  prevented  by  setting  between  the  Mississippi  River  and  the 
Rocky  Mountains  a  belt  of  new  forest  running  north  and  south. 
See  what  you  can  find  out  about  this  idea. 

4.  Examine  some  samples  of  soil  under  a  microscope.  Of  what 
are  the  soil  particles  composed? 

5.  Make  a  demonstration  to  show  that  there  are  soluble  sub¬ 
stances  in  soil. 

6.  Find  out  whether  or  not  the  ashes  left  from  burning  wood 
are  soluble  in  water.  If  the  ashes  do  not  dissolve  in  pure  water, 
find  out  whether  they  will  dissolve  in  water  to  which  several 
drops  of  hydrochloric  acid  have  been  added.  Separate  the  soluble 
from  the  insoluble  part  by  filtering  and  then  obtain  the  soluble 
part  by  evaporating  the  liquid. 

7.  Spread  some  soil  over  an  iron  plate  and  heat  it  very  hot. 
What  substances  are  removed  from  the  soil  by  burning? 

8.  Weigh  out  equal  samples  of  sandy  soil  and  clay  soil.  Add 
to  them  equal  quantities  of  water.  The  two  samples  should 
still  weigh  the  same.  Weigh  both  samples  daily  for  several  days. 
Explain  the  findings. 
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Fig.  53.  The  Factors  influencing  the  Balance  of  Nature  may  be 
observed  in  the  Everyday  Environment 


UNIT  II 


How  has  Man’s  Changing  Civilization  disturbed 
the  Balance  of  Nature? 


Chapter  V  •  What  is  meant  by  the  Balance  of  Nature? 

Chapter  VI  •  How  has  Man’s  Destruction  of  Forests  disturbed 
the  Balance  of  Nature? 

Chapter  VII  •  How  and  Why  have  we  protected  Certain 
Forms  of  Wild- Animal  Life? 

Chapter  VIII  •  How  have  we  attempted  to  control  the  Spread 
of  Undesirable  Plants? 

Chapter  IX  •  How  are  the  Activities  of  Insects  related  to  the 
Activities  of  Man? 


IT  IS  extremely  easy  for  man  to  think  of  himself  as  the 
master  of  this  small  earth.  Many  common  expressions  il¬ 
lustrate  our  feelings  in  this  respect.  Do  these  have  a  familiar 
ring?  "Man,  the  monarch  of  all  he  surveys,”  "Man’s  conquest 
of  the  environment,”  "Man’s  superiority  over  other  animals.” 
How  true  are  these  statements? 

You  have  found  that  man  has  taken  great  steps  in  his  agri¬ 
cultural  pursuits,  but  has  he  gone  as  far  as  he  can  or  as  far  as 
he  needs  to  go?  Is  there  need  for  still  better  wheat,  still  better 
varieties  of  vegetables,  or  of  still  better  fruits?  Consider  some 
other  questions.  How  far  has  man  gone  in  his  control  of  bac¬ 
teria?  How  wise  has  he  been  in  his  policies  of  conservation  of 
forest  and  land?  To  what  extent  does  he  really  control  many 
of  the  insect  and  animal  pests  which  injure  his  crops? 

It  is  true  that  man  has  accomplished  important  things  in 
his  efforts  to  conquer  his  biological  environment;  neverthe¬ 
less  he  has  far  to  go.  His  knowledge  is  still  limited,  and  he 
does  not  even  use  all  the  knowledge  that  he  has. 

This  unit  has  been  written  in  an  attempt  to  show  the  char¬ 
acteristics  of  the  biological  environment  and  the  part  man  has 
played  in  changing  it.  After  you  read  it,  ask  yourself  the  ques¬ 
tion  "Is  man  the  monarch  of  all  he  surveys?  ”  and  see  how  you 
can  answer  it. 


Chapter  V  •  What  is  meant  by  the  Balance 
of  Nature? 

A.  How  do  Plants  and  Animals  depend  upon  Each  Other 
and  upon  Man  in  the  Field  or  Forest? 

In  the  chapters  of  the  previous  unit  on  man's  environ¬ 
ment  you  observed  his  relations  to  certain  living  things  in 
field,  forest,  stream,  and  ocean.  You  studied  native  plants 
and  animals  and  others  that  have  been  cultivated  or  domes¬ 
ticated.  But  for  the  most  part  you  studied  them  separately 
rather  than  in  their  relationships  with  each  other.  Per¬ 
haps  it  would  be  fair  to  ask  whether  these  various  things 
have  any  relationships  to  each  other.  How  can  we  find 
out?  Suppose  we  look  for  a  few  minutes  at  a  typical  en¬ 
vironment.  Where  shall  it  be?  For  our  purposes  we  shall 
select  a  New  England  meadow.  Why?  New  England,  as 
you  know,  was  settled  at  a  very  early  time  in  the  history 
of  our  country.  The  land  was  cultivated,  and  farms  were 
common.  Thus  man  disturbed  the  balance  of  nature.  But 
what  happened?  With  the  sweep  of  people  into  the  de¬ 
veloping  sections  of  our  country  farther  west  many  of  these 
farms  were  abandoned.  The  land  went  back  to  its  natural 
state.  Therefore  our  New  England  meadow  is  a  good  re¬ 
gion  to  study,  for  regions  may  be  found  which  in  succes¬ 
sive  stages  have  been  wild,  have  been  under  cultivation, 
and  then  once  more  have  run  wild. 

In  the  frontispiece  to  this  unit  an  artist  has  pictured 
such  a  meadow.  Notice  that  it  is  fenced  on  one  side  by  a 
stone  wall  which  makes  an  excellent  seat  for  observation. 
The  other  three  sides  are  inclosed  by  a  rail  fence  built  some 
forty  years  ago. 

As  we  view  the  scene,  we  see  a  hedge  of  hazel  bushes 
and  wild-cherry  trees  that  partly  conceals  the  rail  fence. 
Were  these  bushes  and  trees  planted  there?  Did  their 
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growth  begin  before  or  after  the  fence  was  built?  The 
answer  to  our  second  question  is  obvious,  for  the  thicket 
runs  along  the  fence  on  both  sides  and  no- 
wanted  by  man.  where  else.  Its  existence  followed  and  was 
but  as  the  direct  re-  determined  by  the  presence  of  the  fence, 
suto  ns  presence  gomeone  p]an^  this  thicket?  If  SO,  it 

was  certainly  not  the  farmer  who  built  the  fence,  for  he  had 
little  use  for  either  wild  cherries  or  hazelnuts,  and  various 
shrubs  growing  there.  Gray  squirrels,  hopping  along  the 
fence,  were  probably  responsible  for  the  nuts.  Birds  were 
very  likely  responsible  for  the  cherry  pits.  Further,  chance 
protected  the  young  seedlings  from  plow  and  mowing  ma¬ 
chine.  The  seedlings  continued  to  grow.  Therefore  the  hedge, 
though  unwanted  by  man,  is  a  direct  result  of  his  work. 

There  is  a  large  oak  tree  near  one  corner  of  the  meadow. 
Was  it  too  "planted”  by  a  squirrel  sitting  upon  the  fence? 
In  this  case,  no,  for  the  tree  is  apparently  much  older  than 
the  fence.  We  cannot  tell  exactly  how  old  it  is  without 
counting  its  annual  rings ;  but  since  it  is  more  than  a  foot 
in  diameter,  we  guess  that  it  is  at  least  sixty  or  seventy 
years  old.  Oaks  grow  slowly. 

Is  the  tree  older  than  the  meadow  itself?  Was  it  one 
of  many  in  a  forest?  Let  us  see.  This  field  is  an  old  one. 
M  ,  The  farms  in  the  neighborhood  have  been 

ivian  s  presence 

affects  the  growth  under  cultivation  for  a  hundred  and  fifty 
of  trees  years  or  more.  The  old  stone  wall  sug¬ 

gests  that  it  has  existed  for  at  least  a  century.  We  can  be 
fairly  certain,  too,  that  most  of  the  life  of  this  old  tree  has 
been  spent  in  an  open  field,  removed  from  the  neighbor¬ 
hood  of  other  trees.  Notice  the  shape  of  the  oak  tree  in 
Fig.  53;  its  horizontal  branches,  its  rounded  crown.  It 
is  not  a  tree  that  has  had  to  struggle  among  other  trees 
for  a  place  in  the  sun.  How,  then,  did  it  live  through  the 
yearly  mowing  or  plowing  and  planting?  Perhaps  it  was 
because  there  were  no  mowing  machines,  only  scythes  and 
sickles,  when  it  was  young.  Did  a  farmer  skip  it  purposely 
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Fig.  54.  Timothy  Grass  is  grown  for  Hay 


one  year?  Or  was  it  protected  by  a  bowlder  just  large 
enough  to  shield  it  from  the  blades  ?  We  do  not  know,  but 
in  all  probability  it  would  have  been  neither  what  it  is  nor 
where  it  is  if  man  had  not  lived  near. 

It  is  July  as  we  take  these  observations,  and  time  for 
haying.  Some  sections  of  the  region  of  abandoned  farms 
are  still  cultivated.  Timothy  and  redtop  are  grown  for  hay. 
Neither  of  these  is  a  native  grass,  but  they  are  among  the 
best  that  man  has  developed  to  feed  his  animals.  From  the 
meadow  on  the  other  side  of  the  fence  will  come  four  or 
five  good  loads  of  hay,  for  in  this  region  such  scenes  as  that 
shown  in  Fig.  54  are  common.  The  farmer  is  depending 
on  this  feed,  for  his  other  fields  are  plowed  and  planted 
this  year.  Rotation  of  crops  and  intelligent  upkeep  are 
especially  important  if  the  owners  of  these  smaller  Eastern 
farms  are  to  make  a  living  from  their  land. 

What  of  the  animal  life  in  this  meadow?  We  see  no 
large  animals,  although  a  deer  with  twin  fawns  often  comes 
in  the  early  morning  or  just  at  sunset,  and  there  is  a  wood¬ 
chuck  hole  down  by  the  oak  tree.  But  we  do  find  many 
smaller  creatures  in  the  area.  Are  any  of  those  in  Fig.  53 
familiar  to  you?  Bumblebees  and  honeybees  buzz  over 
bunches  of  clover  and  wild  buckwheat,  going  about  their 
business  of  making  a  living  while  unconsciously  aiding  in 
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the  formation  of  seed.  This  relationship  and  the  story 
of  how  man  has  taken  advantage  of  it  are  familiar  to 
you  all. 

Carrot  worms  feed  noisily  on  Queen  Anne’s  lace.  As 
you  now  know,  they  are  not  really  worms,  but  the  larvae 
T  ,.  of  what  will  later  be  idle  blue  butterflies. 

Insects  may  live  on 

other  insects,  hold-  Most  of  them,  however,  will  never  see  that 
ing  them  in  check  day>  and  their  combined  eatings  will  do 

little  damage  to  this  beautiful  but  destructive  weed.  Why  ? 
A  small  parasite  fly  is  busily  laying  eggs  just  under  the 
skin  of  the  smooth  green  caterpillars.  More  often  than 
not,  as  you  will  learn  later,  her  offspring  will  come  forth 
from  the  butterfly  cocoons,  —  victors  over  the  rightful 
owners  in  the  struggle  for  life. 

Large  black-and-yellow  spiders  glide  out  of  their  webs  to 
devour  flies,  bees,  and  beetles  trapped  neatly  in  the  spiders’ 
silken  mesh.  Smaller  spiders  feast  royally  on  fruit  flies  and 
aphids. 

A  five-foot  black  snake,  basking  on  the  wall  close  by, 
surprises  and  frightens  us  as  it  glides  off  into  the  grass. 
y  •*  i •  Our  first  impulse,  to  seize  a  rock  and  kill  it, 

to  our  advantage  or  is  a  poor  one,  and  fortunately  the  snake  is 
disadvantage  g0ne  before  we  can  carry  out  our  inten¬ 

tions.  This  particular  snake  lives  almost  exclusively  on 
mice  and  moles,  with  occasional  frogs  and  young  rabbits 
for  variety.  It  does  more  good  in  keeping  down  small 
animals  like  these  than  a  dozen  well-fed  cats  in  the  farmer's 
barn. 

A  black  snake  will  not  harm  a  person  in  any  way,  nor 
indeed  will  any  of  the  other  snakes  in  the  meadow.  Even 
though  you,  personally,  might  not  choose  a  snake  as  a  pet, 
you  should  realize  that  except  for  three  or  four  poisonous 
varieties  in  the  entire  United  States  —  the  rattlesnake, 
copperhead,  water  moccasin,  and  coral  snake  —  snakes 
are  economically  of  great  value  to  every  farmer.  He  has 
done  himself  much  harm  by  killing  the  nonpoisonous  ones. 
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A  red-tailed  hawk  swoops  down  from  the  oak  in  the  far 
corner  of  the  meadow.  You  look  about  for  chickens,  but  do 
not  see  any.  Nor  indeed  does  the  hawk.  He  does  not  espe¬ 
cially  like  chickens  or  any  other  birds.  His  search  is  for 
moles,  mice,  or  young  chipmunks,  and  he  has  just  spotted  one. 
Most  hawks  live  on  insects  and  small  rodents  (rats,  mice, 
squirrels,  and  the  like),  more 
than  90  per  cent  of  their  food 
consisting  of  animals  harmful 
to  the  farmer.  Not  all  farmers 
realize  this,  and  some  draw 
a  gun  whenever  they  see  a 
hawk. 

Tent-caterpillar  webs,  like 
the  one  in  Fig.  55,  were  pretty 
thick  in  the  wild  cherries 
a  few  weeks  ago,  but  have 
now  almost  completely  dis¬ 
appeared.  We  recognize  the 
work  as  that  of  yellow-billed 
cuckoos,  who  have  cleaned 
out  the  caterpillars  nearly  to 
the  last  morsel.  We  are  re¬ 
minded  that  these  slim  grace¬ 
ful  birds  with  the  curved  bills 
eat  many  kinds  of  fuzzy, 
hairy  caterpillars  so  destructive  to  green  leaves,  including 
the  caterpillar  of  the  gypsy  moth  and  the  tent  caterpillar. 

Flycatchers,  vireos,  warblers,  and  woodpeckers  are  busy 
with  various  other  insects,  while  sparrows  of  many  kinds, 
bobolinks,  and  bobwhites  make  way  with  Birdg  eat  insects 
weed  seeds  by  the  bushel.  In  a  week  or  so  and  weed  seeds,  as 
the  haying  on  near-by  farms  will  be  done.  wel1  as  rodents 
Then  what  a  feast  of  mice  and  moles  the  hawks  will  have ! 
What  a  picnic  for  the  crows  and  grackles,  who  will  attack 
the  grasshoppers  so  temptingly  exposed! 
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And  so  we  have  seen  the  meadow  as  man  made  it.  The 
plants  and  animals  in  it  are  things  belonging  to  the  meadow. 

.  .  .  Next  year  or  the  year  after,  it  may  be 

product  of  man’s  plowed  and  then  planted  to  vegetables. 
work  Ragweed  pusley,  pigweed,  spurge,  and 

blackheart  will  replace  the  weeds  of  the  hayfield.  The 
deer  and  the  woodchucks  will  add  beans,  cabbage,  and  corn 
to  their  daily  diet.  There  will  be  additional  insect  pests : 
potato  bugs,  squash  bugs,  corn-borers,  and  bean  beetles. 
But  the  snakes,  hawks,  toads,  and  small  birds  will  still  be 
there.  Life  will  not  be  greatly  different.  It  will  still  be  a 
farmer’s  field,  over  which,  if  he  uses  all  the  knowledge  he 
has,  he  may  exercise  a  large  measure  of  control. 

But  this  land  has  not  always  been  an  open  field.  It 
has  not  always  supported  good  grass  or  corn  and  potatoes. 

Forests  were  "con-  0nl^  a  few  generations  ago  it  was  un- 
quered”  only  by  broken  forest.  Our  pioneer  forefathers 
great  effort  worked  hard  to  change  this  land  from  un¬ 

cultivated  wilderness.  Rugged  old  settlers  pried  great  rocks 
from  the  topsoil,  piling  them  up  to  make  stone  walls.  They 
felled  trees,  dug  out  stumps  and  roots,  and  burned  them. 
They  had  plows,  with  oxen  to  pull  them.  Finally,  upon 
cleared  land  they  sowed  crops.  But  it  was  not  easy. 
Forests  gave  way  to  fields  and  meadows  only  under  pressure. 
Forests  are  features  of  the  natural  environment.  Open  fields 
in  most  parts  of  the  temperate  zone  must  be  made  by  man. 


B.  W  hat  is  the  Natural  Order  of  Events  in  Forest  Growth? 

How  do  we  know  that  forests  rather  than  fields  are 
natural  in  this  region  of  the  world  ?  Let  us  get  up  from  the 
Forests  do  not  stay  stone  wall  where  we  have  made  these  ob- 
'  conquered”  servations  and  take  a  walk  up  a  cart  path 
into  the  woods  of  the  cow  pasture.  We  need  walk  only 
half  a  mile  or  so  before  coming  to  an  opening  where  once 
was  another  farm,  —  the  "Hyde  place,”  we  call  it.  Here 
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are  two  old  cellar  holes  and  many  stone  walls.  Purple 
lilacs  bloom  in  June  by  the  cellar  hole  where  the  old  house 
stood.  Even  now  there  are  red  roses  in  a  clump  by  the 
stone  doorstep.  The  old  barnyard  is  still  there,  and  a 
clearing  in  front  of  the  house.  This  open  space  is  due  to  a 
planting  of  locust  trees  covering  an  irregular  area  of  per¬ 
haps  two  hundred  by  five  hundred  yards.  Under  these 
locusts  grows  grass,  kept  close  cropped  by  the  cattle,  but 
there  is  no  underbrush.  Aside  from  this  one  open  space  the 
land  is  a  tangle  of  bushes. 

In  the  "west  pasture,"  where  the  stone  wall  is  still  in 
nearly  perfect  condition  and  the  land  free  of  rocks  or 
stubble,  grow  fine  high  blueberries.  You 
can  pick  a  quart  in  no  time.  Black  huckle-  in  asrtimenpasses!P 
berries  were  plentiful  ten  or  fifteen  years  if  fiflds  *Te 

neglected 

ago,  but  have  been  crowded  out  by  the 
taller  blueberry  bushes.  An  occasional  "pasture  cedar” 
warns  us  that  blueberries  in  their  turn  will  give  way  to 
cedars.  Here  in  this  lot  our  grandmother  remembers  a 
melon  patch. 

Over  the  wall,  behind  the  cellar  hole  where  the  house 
stood,  is  another  lot  largely  filled  with  gray  birches.  There 
were  chestnut  trees  before  they  were  destroyed  by  disease, 
but  only  a  few  offshoots  from  the  old  roots  remain.  As 
the  larger  trees  died  and  were  cut  for  firewood,  young 
birches  took  their  place.  In  this  lot  are  many  wild  grape¬ 
vines,  descendants  of  vines  planted  by  the  people  who 
once  lived  here. 

The  rest  of  the  place  is  woods,  as  thick  with  trees  as 
if  it  had  never  been  cultivated.  In  spring  or  fall  you  might 
spot  an  apple  tree,  silent  reminder  of  human  planting. 
Though  still  alive,  it  is  hidden  by  taller  trees  above  and 
dense  underbrush  below.  It  still  yields  fruit  in  some  years ; 
but  since  this  tree  is  neither  sprayed  nor  trimmed  and  is 
crowded  on  all  sides  by  larger  trees,  the  fruit  is  never  worth 
harvesting.  The  old  family  cemetery  is  overgrown  by  scrub 
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oaks.  The  gravestones  lie  flat  and  broken.  One  marble 
slab  records  a  death  in  1877,  but  the  other  stones  are  of 
slate,  dating  back  to  1794. 

Nor  is  this  old  "Hyde  place”  the  only  New  England 
farm  that  records  a  similar  succession  of  events.  Fig.  56 
,  «  „  is  a  common  scene.  Within  a  radius  of  half 

Man  s  conquest  b 

is  often  only  tem-  a  mile  from  the  cultivated  field  in  which 
porary  we  took  our  first  observations  are  two 

"  abandoned  farms,”  some  of  the  buildings  still  standing 
but  long  unoccupied,  fields  overrun  with  brush.  There  are 
six  other  places  where  cellar  holes  in  the  woods  tell  of  farms 
deserted  still  earlier. 

Thus  we  witness  the  procession  of  events  as  told  by 
fields  and  pastures.  Man  " conquered”  the  wilderness, 
plowed  fields,  made  a  living  from  the  soil.  Forests  were 
replaced  by  cultivated  acres.  But  other  opportunities 
opened,  perhaps  on  richer  Western  soil,  perhaps  in  rapidly 
growing  Eastern  cities.  The  older  generations  died.  Per¬ 
haps  the  soil  through  careless  farming  became  exhausted. 
Farms  were  deserted ;  the  wilderness  again  claimed  them. 
Thus  we  see  that  man's  " conquest”  of  his  environment 
may  be  only  temporary. 

In  the  forest  itself  the  succession  of  changes  that  may 
take  place  within  a  generation  is  no  less  marked.  Upon 
this  same  farm  where  we  made  our  observations  of  the 
field  are  wood  lots  of  hardwood  and  softwood. 

The  softwood  is  chiefly  white  pine,  which  is  valuable 
for  lumber.  The  owners  of  New  England  white  pines  find 
it  profitable  to  cut  them  once  in  about  forty  years.  True, 
the  trees  would  continue  to  grow  for  fifty  or  a  hundred 
years,  but  there  is  always  danger  of  forest  fire.  There  is 
also  the  very  human  desire  of  wanting  the  money  from  the 
pines.  Even  forty  years  is  a  long  time  to  wait ! 

One  pine  lot  on  this  farm  is  now  nearly  ready  to  cut. 
From  the  house,  as  you  look  at  this  lot,  the  entire  hill  ap¬ 
pears  to  be  pine.  Even  in  autumn  no  other  trees  show  their 


Fig.  56.  Man’s  "Conquest”  of  the  Wilderness  is  often  Only  Temporary 
Are  there  any  abandoned  farms  near  you?  Why  were  they  abandoned? 
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presence.  Nor  is  the  green  less  dense  in  December.  We  look 
at  it  now  and  think  back  thirty  years  to  the  time  the  saw- 

Cleared  wood  lots  mil1  was  there-  We  remember  the  stacked 
begin  at  once  to  lumber  and  the  piles  of  sawdust,  young 
grow  up  again  mountains  they  appeared  to  us.  We  ran 

barefoot  through  recently  made  cart  paths.  We  picked 
low  blueberries  that  sprang  up  in  the  pine-needle  humus. 
There  was  trailing  arbutus  all  over  the  hill. 

But  time  passed.  Tall  blueberry  bushes  began  to  re¬ 
place  the  low  variety.  Black  huckleberries  occupied  the 
drier  areas.  Young  birches  sprang  up  on  the  hillside. 
Later,  small  oaks  and  chestnuts  appeared  among  the  birches. 
Cattle,  turned  in  to  pasture  soon  after  the  lot  was  cut, 
still  kept  the  paths  clear,  still  apparently  found  some  brows¬ 
ing  ;  but  as  the  years  passed,  they  stayed  more  and  more  in 
other  parts  of  the  pasture. 

It  has  been  twenty  years  now  since  cattle  used  this  land 
at  all  and  ten  since  we  found  blueberries  there.  The  oaks, 
qp.  .  „  ,  chestnuts,  and  birches  have  disappeared 

succession  of  in  their  turn,  although  not  entirely  with¬ 
out  human  aid.  The  birches  went  first, 


growth 


crowded  out  by  the  taller  trees.  And  as  they  began  to  die, 
they  were  cut  to  make  firewood.  The  chestnuts  died  of 
disease.  They  too  were  cut. 

By  that  time  small  pines  were  in  evidence  among  the 
other  trees,  and  it  was  a  matter  for  the  owners  to  decide 
whether  the  pines  were  to  be  aided  in  their  struggle  for  life 
or  whether  the  pines  and  the  oaks  were  to  be  left  to  "fight 
it  out.”  It  is  probable  that  in  the  latter  case  the  oaks  might 
have  won,  with  white  oaks  finally  replaced  by  black  oaks. 
The  oaks  in  their  turn  might  sometime  in  the  future  have 
been  replaced  by  sugar  maples  and  beeches.  This  is  a 
natural  order  of  events  known  to  have  taken  place  on  other 
New  England  acres. 

But  here  man  interfered.  White  pine  appeared  to  him 
more  valuable.  Oaks  and  maples,  if  large  enough,  may  be 
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Fig.  57.  Large  Areas  of  Woodland  show  Cycles  of  Growth 


These  pictures  were  taken  years  apart 


used  in  making  furniture,  hardwood  floors,  and  so  on.  But 
they  grow  very  slowly.  Accordingly  the  young  oaks  were 
cut  and  corded  for  firewood.  Now  the  „ 

..  .  .  . .  .  ..  Man  may  interfere 

owners  await  a  good  opportunity  to  sell  to  the  advantage 

another  pine  lot.  Another  generation  of  one  ki.nd 

i  i  ...  _  ...  .  .  of  organism 

children  will  watch  the  sawmill,  play  m 


the  sawdust,  and  scoop  blueberries  from  little  bushes, 
cycle,  or  round  of  events,  in  the  forest  is  continuous. 


The 
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C.  Why  are  Conditions  in  Nature  continually  Changing? 

Balance  in  nature  is  a  condition  in  which  the  various 
organisms,  or  living  things,  and  the  various  physical  fac¬ 
tors  in  a  given  habitat  are  all  more  or  less  fixed.  Life  goes 
on  in  the  same  way  over  long  periods  of  time.  Any  one 
organism  depends  upon  many  others  for  food,  shelter,  and 
other  needs.  It  depends  upon  air,  water,  and  sunshine. 
It  neither  increases  greatly  in  numbers  nor  dies  off  com¬ 
pletely.  Conditions  on  the  whole  remain  the  same. 

When  you  observe  closely,  however,  you  see  that  con¬ 
ditions  do  not  remain  the  same.  In  a  forest  there  may  be 
Conditions  in  na-  fire ;  there  may  be  woodchoppers  and  a 
ture  are  changing  sawmill ;  there  may  be  a  new  insect  pest 
or  a  strange  fungus  disease.  The  water  in  a  pond  may  be¬ 
come  impure  because  of  waste  from  near-by  dwellings.  Oil 
used  to  kill  mosquito  larvae  may  kill  many  other  things  as 
well.  The  pond  may  become  filled  with  silt,  or  the  dam 
give  way.  Small  ponds  may  dry  up  completely.  Then 
what  of  the  balance  of  nature? 

An  unusually  dry  summer  or  an  unusually  wet  spring,  a 
late  frost  or  an  early  one,  are  among  conditions  that  may 
affect  balance  —  to  say  nothing  of  major  disasters  like 
earthquakes,  volcanic  eruptions,  and  floods. 

In  any  given  locality  are  certain  plants  and  animals  that 
are  especially  well  fitted  to  it.  After  a  natural  disaster 
Major  changes  like  a  forest  fire  or  a  major  change  due  to 
disturb  balance  advancing  civilization,  which  more  or  less 
completely  wipes  out  the  life  in  a  given  region,  we  may 
witness  a  succession  of  changes.  Smaller  organisms  appear 
first,  those  whose  seeds  or  eggs  may  be  carried  there  by 
wind  or  birds  or  other  such  agencies,  or  those  organisms 
that  have  been  so  protected  as  to  live  through  the  disaster. 
Soon  newcomers  appear.  They  may  eat  the  first  inhabit¬ 
ants,  or  they  may  simply  crowd  them  out  in  the  struggle 
for  food  and  sunshine.  Later  these  in  turn  give  way  to 
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Fig.  58.  A  Grove  of  Maple  Trees  represents  Climax  Organisms  which  may 
continue  to  hold  the  Habitat  for  an  Indefinite  Period  of  Time 


other  newcomers  as  the  habitat  changes.  Thus  gradually 
the  life  of  the  plant  is  renewed.  At  any  time  the  plants  and 
animals  that  are  found  there  are  those  that  can  best  live 
through  intense  competition;  and  unless  conditions  have 
changed  greatly,  the  plants  and  animals  that  finally  win 
out  are  those  that  lived  there  before  the  in  time,  climax  or- 
disaster.  These  climax  organisms  will  con-  ganisms  reappear 
tinue  to  hold  the  habitat  for  an  indefinite  period  of 
time,  and  a  balance  in  nature  will  appear  to  have  been 
reached.  The  maple  forest  of  Fig.  58,  in  New  England,  is 
an  example. 

In  the  newer  farm  lands  of  the  Middle  West  evidences 
of  man's  influence  on  the  environment  are  to  be  seen  on 
every  hand.  When  the  Indians  roamed  the  plains,  there 
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Fig.  59.  Once  upon  a  Time  the  Western  Plains  were  a  Vast  Area  of 
Prairie  Grass 


was  a  vast  acreage  of  prairie  grass  similar  to  that  shown 
in  Fig.  59.  Dense  forests  grew  along  the  streams.  The 
grass  of  the  open  plains  and  the  cover  of  the  forests  each 
served  as  the  habitat  for  plants  and  animals  which  were 
adapted  to  it.  The  bison  (commonly  called  the  buffalo) 
roamed  the  plains  in  enormous  herds.  There  was  a  popu¬ 
lation  of  large  and  small  animals  adapted  to  life  in  the 
field,  and  another  population  of  large  and  small  animals 
adapted  to  life  in  the  forest.  Each  environment  had  its 
own  bird  life,  its  own  insect  life,  and  its  own  reptiles.  The 
animals  and  plants  of  the  streams  and  lakes  were  also  a 
necessary  part  of  the  " balance  of  nature.” 

Now  it  is  all  changed.  With  severe  labor  the  plains 
have  been  plowed ;  and  where  the  wild  grass  grew,  there 
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is  now  the  greatest  production  of  wheat,  corn,  and  cotton 
that  exists  anywhere  in  the  world.  The  forests  have  been 
cleared,  and  the  wood  from  the  trees  has  been  used  to  build 
the  homes  in  great  cities.  Certainly  man  has  in  large  meas¬ 
ure  brought  this  area  under  his  control  and  is  struggling 
to  maintain  this  control  in  such  a  manner  that  the  culti¬ 
vated  fields  will  continue  to  be  sources  of  crops  for  food 
and  clothing  with  which  to  supply  the  world.  As  we  look 
over  the  fields  of  Illinois,  Iowa,  Kansas,  Oklahoma,  and 
Texas,  we  see  the  character  of  the  changes  that  have  come 
during  one  or  two  generations.  These  are  changes  that 
have  come  in  fifty  years.  They  are  in  striking  contrast  to 
the  changes  in  New  England,  where  man's  influence  has 
worked  through  a  much  longer  time.  It  is  interesting  to 
inquire  what  this  region  of  the  West  will  be  like  in  a  hun¬ 
dred  years.  The  answer  will  be  determined  by  the  manner 
in  which  man  exercises  his  control  over  features  now  in 
evidence  and  by  the  extent  to  which  he  is  equal  to  the 
demands  of  the  new  problems  that  arise  as  a  result  of 
changes  for  which  he  is  responsible. 

Wherever  you  may  go,  the  greatest  disturbance  of  all 
in  the  " balance  of  nature"  is  that  caused  by  man.  We 
have  described  at  some  length  the  succession  of  changes 
that  have  taken  place  in  an  old  New  England  settlement. 
We  have  suggested  briefly  the  changes  that  have  come 
with  man's  "winning  of  the  West."  We  have  told  you  in 
previous  stories  of  the  damage  man  has  done  in  allowing 
land  to  become  eroded,  or  worn  away.  You  will  soon  read 
of  pests  brought  into  this  country  through  man's  careless¬ 
ness  or  ignorance,  and  of  the  damage  they  have  done. 

Take  just  a  few  other  examples.  Do  you  M 
think  man  disturbed  the  balance  of  nature  sponsible  when  the 
when  he  pastured  cattle  all  over  the  coun-  balance  of  nature 

o  "i-s  •  ,  iii  1S  disturbed 

try :  Did  he  disturb  the  natural  balance 

when  he  introduced  the  domestic  cat  to  this  continent? 

Does  it  make  any  difference  that  the  average  person  dislikes 
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earthworms,  loves  gray  squirrels,  or  fears  snakes?  What 
happened  to  the  balance  of  nature  when  a  sports-loving 
Englishman  introduced  rabbits  in  Australia  or  when  a 
homesick  Scotsman  planted  the  first  thistle  in  New 
Zealand  ? 

But  you  may  go  on  for  yourselves.  The  examples  are 
endless.  Man  has  so  changed  the  surface  of  the  earth  and 
the  character  of  the  other  things  upon  it  that  it  is  some¬ 
times  difficult  to  think  what  it  would  be  like  without  him. 


Balance  in  nature  suggests  that  the  various  organisms  depend 
upon  each  other  and  upon  the  physical  environment.  Such  a 
balance  is  continually  disturbed,  owing  to  major  and  minor 
changes  in  the  habitat.  A  large  factor  in  such  changes  is 
man  himself.  He  introduces  foreign  organisms  that  often  get 
beyond  his  control.  He  cuts  trees,  makes  farms  and  abandons 
them,  and  generally  interferes  with  the  natural  order  of  events. 
Greater  understanding  may  prevent  undesirable  or  uninten¬ 
tional  disturbances. 


Can  You  Answer  these  Questions? 

1.  How  do  climax  organisms  in  a  given  area  differ  from  those 
which  preceded  them? 

2.  Do  snakes  have  any  economic  value?  What  evidence 
have  you? 

3.  What  definition  can  you  give  for  the  balance  of  nature ? 

4.  Can  you  trace  a  succession  of  tree  growth  in  a  wooded 
area  and  explain  why  the  succession  takes  place  ? 

5.  What  examples  can  you  give  from  this  chapter  to  show 
how  the  balance  of  nature  is  maintained? 

6.  Similarly,  what  examples  can  you  give  to  show  how  this 
balance  may  be  disturbed? 

7.  Why  do  we  say  that  man  is  probably  the  greatest  dis¬ 
turber  of  the  balance  of  nature? 
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8.  What  evidence  is  there  that  the  fence  described  in  this 
chapter  is  older  than  the  shrubs  along  it  ? 

9.  What  are  the  evidences  that  the  oak  tree  described  in 
this  chapter  has  lived  its  life  in  the  open  field? 

10.  What  are  some  of  the  things  that  might  happen  in  a  com¬ 
munity  if  all  the  snakes  were  killed? 

11.  How  does  the  cutting  of  hay  in  a  field  work  to  the  ad¬ 
vantage  of  hawks? 

Questions  for  Discussion 

1.  Is  there  any  such  thing  as  a  complete  balance  in  nature? 

2.  The  succession  of  tree  growth  and  farm  development  traced 
in  this  chapter  happened  in  New  England.  Do  you  think  it  has 
happened  anywhere  else?  Why  should  it  have  happened  to 
such  a  great  extent  in  the  New  England  area? 

3.  In  what  respects  is  the  cycle  of  changes  now  in  progress 
on  the  farm  lands  of  the  South  and  Middle  West  similar  to  the 
cycle  which  has  taken  place  in  New  England? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Do  you  know  whether  any  poisonous  snakes  are  common 
in  your  region  of  the  country?  If  so,  can  you  recognize  them? 
Read  about  poisonous  snakes  and  find  what  should  be  done  in 
case  you  are  bitten  by  a  poisonous  snake. 

2.  If  you  do  not  already  have  a  balanced  aquarium  or  ter¬ 
rarium  in  your  classroom,  ask  your  teacher  to  help  you  to  set 
one  up.  Consider  especially  the  factors  you  have  to  guard 
against  in  order  to  get  a  good  balance  in  your  exhibits. 

3.  Make  a  study  of  the  succession  of  changes  that  have  taken 
place  in  your  own  community. 

4.  Work  out  a  food  chain  in  which  the  black  snake  is  one  link. 
Try  it  for  a  toad,  a  yellow-billed  cuckoo,  a  goldfinch,  a  hawk, 
an  earthworm,  and  a  blue  swallow-tailed  butterfly. 

5.  Make  a  field  trip,  if  only  to  your  own  back  yard,  to  find 
examples  of  different  habitats.  If  you  have  a  camera,  take  some 
pictures  of  scenes  which  you  think  best  illustrate  the  balance  of 
nature  in  various  environments. 


Chapter  VI  •  How  has  Man’s  Destruction  of 
Forests  disturbed  the  Balance  of  Nature? 
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Fig.  60.  The  Indian  had  Many  Reasons  for  Wanting  to  save  the  Forests 
With  a  sparse  population  there  was  no  problem  of  forest  conservation 

In  his  conquest  of  the  wilderness  man  has  found  it  neces¬ 
sary  to  destroy  many  acres  of  forest  lands,  but  he  has  with¬ 
out  doubt  destroyed  some  where  it  was  not  necessary.  Some 
of  the  consequences  of  this  destruction  are  described  in  this 
chapter. 

A  little  over  four  hundred  years  ago  Indians  were  the 
only  human  inhabitants  of  this  country.  It  was  a  land  of 
great  forests,  small  streams,  and  lakes.  Small  mammals  — 
skunks,  foxes,  raccoons,  minks,  possums,  squirrels,  and 
rabbits  —  fed  upon  the  plant  life  or  upon  still  smaller 
animals  abundant  in  the  sheltering  forest.  Through  the 
vast  stretches  of  woodlands  roamed  deer,  moose,  and  elk, 
and  over  the  grasslands  of  the  Middle  West  roamed 
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the  bison.  All  of  them  were  hunted  by  wolves  and  moun¬ 
tain  lions. 

Through  their  midst  stalked  the  Indian  hunter,  as  in 
Fig.  60,  anxious  to  get  food  or  furs  for  himself  and  his 
family.  Doubtless  he  enjoyed  the  hunt.  Probably  it 
pleased  him  to  outwit  and  capture  the  wild  things  of  the 
woods.  But  he  killed  only  what  he  needed,  and  his  needs 
were  not  great.  Nor  did  he  without  reason  kill  trees.  He 
felled  some  trees  for  fuel,  used  bark  for  canoes,  and  used 
branches  as  framework  for  his  wigwam.  But  his  demands 
upon  the  wood  of  the  forests  were  never  great.  The  living 
trees  were  worth  enormously  more  to  the  average  Indian  than 
all  the  lumber  that  could  be  made  from  them.  The  forest 
sheltered  him.  It  fed  him.  He  loved  it  and  was  part  of  it. 


A.  How  has  the  Forest  been  disturbed  by  the  Advance 
of  the  White  Man’s  Civilization? 

If  you  will  recall  stories  about  the  white  pioneers,  you 
will  remember  that  these  men  are  pictured  ax  in  hand, 
" conquering  the  wilderness”  (Fig.  61).  Conquest  in  this 
case  meant  destruction  of  the  forests. 

Why  was  the  white  man's  attitude  toward  the  forest  so 
different  from  the  red  man's  ?  In  the  first  place,  the  pioneers 
feared  the  unknown  dangers  lying  hidden  The  white  man 
among  trees  —  Wolves  Or  foxes  that  Stole  feared  dangers  in 
their  domestic  animals,  hostile  Indians  who  the  forest 
crept  so  quietly  from  ambush  to  ambush  that  even  the 
brush  beneath  their  feet  was  silent.  It  is  not  surprising  that 
the  pioneer  desired  to  get  rid  of  the  forests  near  his  home. 

Then,  too,  clearings  for  houses  and  barns,  for  corn  or 
other  crops,  for  pastures,  for  streets  and  public  buildings 
and  playgrounds,  were  soon  needed.  Little  He  needed  the 
villages  occupied  sites  claimed  only  a  short  room  il  occupied 
time  before  from  the  forest.  Pioneer  farms  were  cleared 
land  for  only  a  few  generations. 
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Fig.  61.  Why  has  Conquering  the  Wilderness  usually  meant  also  Destroy¬ 
ing  the  Forests? 

And  did  not  these  pioneers  need  more  wood  than  the 
Indians  did?  Look  again  at  Figs.  60,  61,  and  62.  You 
He  needed  the  will  think  of  a  dozen  different  uses  for 
wood  it  could  give  WOod,  suggested  by  the  picture.  If  you 
should  consider  present-day  civilization  instead  of  that  of 
colonial  days,  you  would  find  that  it  has  still  more  uses 
for  wood.  Modern  civilization  demands  trees  and  forests, 
but  it  has  less  room  for  them  than  had  primitive  civilization. 

But  there  is  still  another  reason  why  trees  were  cut  so 
freely  by  the  pioneers.  The  vast  wilderness  was  filled  with 

Forests  were  plen-  them-  The  supply  seemed  unending.  Who 
tiful.  Why  save  would  think  to  save  them  or  even  to  be 
careful  in  their  use  ?  As  our  growing  popu¬ 
lation  spread  westward,  there  still  seemed  to  be  an  abun¬ 
dance  of  forests.  Look  at  the  map  in  Fig.  63,  which  shows 
the  extent  of  the  forests  of  the  United  States  before  the 
coming  of  the  white  man.  You  see  a  broad  band  of  forests 
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Fig.  62.  Many  Early  Towns  spread  over  Lands  reclaimed  Only  a  Short 
Time  from  the  Forests 


in  the  east,  reaching  from  Maine  to  Florida.  As  you  move 
west,  you  come  to  a  stretch  of  open  prairies  where  there  is 
not  sufficient  mois¬ 
ture  for  the  growth  of 
wide  forests.  Farther 
westward,  beyond  the 
high  mountains,  you 
come  again  to  ex¬ 
tensive  forest  lands. 

Even  though  the 
population  doubled 
and  doubled  again 
and  again,  —  from 
three  million  at  the 
time  of  the  Revolu¬ 
tion  to  a  hundred 
and  twenty  million 
at  the  time  of  the  World  War,  —  there  was  timber  for  every 
need.  But  wait !  Let  us  look  at  some  figures.  We  no  longer 


Fig.  63.  The  Coming  of  Man  has  meant  a  Change 
not  only  in  the  Amount  but  in  the  Kind  of 
Forest  Land  we  now  have  in  this  Country 

The  map  shows  forest  areas  before  the  time  of 
the  pioneers.  Do  you  think  a  similar  map  for 
today  would  be  different?  Is  there  any  virgin 
forest  today? 
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Fig.  64.  The  Government  is  now  taking  Definite  Steps  to  protect  our 
Forest  Resources 


have  900,000,000  acres  of  forests.  Today  we  have  only 
550,000,000  acres.  Only  a  little  more  than  half  as  much 
forest,  but  more  than  forty  times  as  many  people ! 

The  problems  of  forest  conservation  (that  is,  the  saving 
of  our  forests),  like  the  problems  of  saving  our  other  natural 
Today  we  must  resources,  have  occupied  an  increasingly 
provide  for  con-  important  position  in  the  thoughts  of  the 
servation  American  people.  It  is  clear  today  that 

forests  are  no  less  likely  to  be  exhausted  than  are  coal,  iron, 
or  petroleum,  but  it  is  also  clear  that  they  differ  from  these 
other  resources  in  one  important  respect :  they  may  be  re¬ 
placed.  And  today  the  wise  owner,  whether  government  or 
private  individual,  is  replacing  them.  For  every  tree  cut  he 
sees  that  another  is  planted,  a  policy  that  has  been  recom¬ 
mended  for  generations  in  Europe. 

Comparatively  few  sections  that  have  deliberately  been 
cleared  of  forests  are  being  allowed  to  grow  up  again,  for 
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most  of  the  cleared  land  is  needed  for  cultivation.  But 
large  areas  worthless  for  cultivation  that  were  carelessly 
cut  over  are  being  replanted.  Some  eighty  million  acres  of 
land  once  covered  by  forests  now  lie  idle,  producing  neither 
trees  nor  other  valuable  crops.  These  should  be  given  at¬ 
tention.  The  underbrush  that  has  grown  up  on  them  should 
be  trimmed  to  give  young  trees  a  start,  and  in  some  places 
more  valuable  kinds  of  trees  can  replace  to  advantage  less 
valuable  varieties.  Fig.  64  shows  a  group  of  government 
workers  clearing  out  underbrush  in  a  forest. 

In  a  few  sections  of  the  country  today  so-called  sub¬ 
marginal  lands,  not  fertile  enough  to  produce  good  culti¬ 
vated  crops,  are  being  bought  up  by  the  government  and 
replanted  to  trees.  Such  lands  have  supported  forests  in 
the  past  and  will  do  so  again  in  the  future. 


B.  What  are  Some  Definite  Problems  brought  about  in 
the  Forest  by  Advancing  Civilization? 

Even  in  sections  of  the  country  where  forests  still  remain, 
changes  have  come  about  in  them  because  of  the  white 
man’s  presence.  Probably  chief  among  these  changes  is 
the  frequency  of  forest  fires.  Then  there  is  the  loss  due 
to  insect  pests  and  fungi.  Let  us  look  at  these  more  care¬ 
fully. 

Our  annual  loss  from  forest  fires  has  been  estimated  at 
around  $500,000,000,  or  about  one  third  the  value  of  our 
crude  forest  products  each  year.  In  such  Forest  fires  must 
fires  people  and  animals  as  well  as  timber  be  controlled 
are  destroyed.  Not  only  must  we  take  into  consideration 
the  timber  ready  to  cut,  but  the  timber  which  the  saplings 
would  have  produced  if  they  had  been  allowed  to  grow  to 
maturity.  As  the  signs  along  the  highways  of  one  state 
put  it,  "When  trees  burn,  everybody  loses.” 

Ignorance  and  carelessness  are  responsible  for  most  of  the 
loss  from  fires,  and  the  more  people  there  are  living  or 
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United  States  Forest  Service 

Fig.  65.  "When  Trees  burn,  Everybody  Loses” 

Will  this  forest  ever  restore  itself? 

passing  near  our  forests  the  greater  the  loss  may  be  ex¬ 
pected  to  be.  The  loss  pictured  in  Fig.  65  is  a  loss  for  which 
the  presence  of  man  is  definitely  responsible. 

Control  of  fires  is  one  of  the  most  important  parts  of 
forest  conservation.  Such  control  depends  as  much  upon 
an  understanding  of  the  scientific  principles  of  fire  con¬ 
trol  as  upon  the  number  of  men  who  can  be  gathered  to 
fight  fires. 

Let  us  review  the  conditions  necessary  for  any  fire: 
First,  of  course,  there  must  be  fuel.  Second,  there  must  be 
oxygen.  Third,  there  must  be  a  kindling  temperature,  that 
is,  a  temperature  sufficiently  high  to  start  a  fire. 

In  some  way  a  spark  falls  upon  dry  leaves  in  the  midst 
of  dry  underbrush.  Both  the  leaves  and  the  underbrush 
have  low  kindling  temperatures.  A  flame  starts  through 
the  brush.  It  mounts  to  the  branches  of  some  of  the  smaller 
trees.  If  they  happen  to  be  evergreens,  it  spreads  more 
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rapidly  than  in  hardwoods  because  of  the  tar  and  pitch, 
which  have  low  kindling  temperatures.  A  strong  wind 
supplies  it  with  oxygen  and  carries  it  up  to  the  leaves  of 
the  taller  trees.  Now  nothing  prevents  it  from  raging 
through  the  forest. 

The  fire  continues  until  it  reaches  a  wide  state  road. 
This  it  may  not  cross,  for  the  flames  cannot  cross  a  broad 
band  which  offers  them  no  fuel.  But  in  still  another  direc¬ 
tion,  in  which  the  flames  can  spread,  are  farm  buildings, 
several  hundred  yards  distant  from  the  burning  trees.  Men 
work  hurriedly  to  plow  a  ditch  across  the  open  field  and 
around  the  buildings.  At  the  same  time  other  men  pump 
water  upon  the  roofs.  The  ditch  removes  the  fuel  in  the 
path  of  oncoming  flames.  The  water  on  the  roofs  reduces 
their  kindling  temperature  so  that  flying  sparks  may  fail 
to  set  them  on  fire. 

How  could  this  fire  have  been  prevented  ?  First,  by  re¬ 
moving  leaves  and  bushes  as  well  as  other  vegetation  from 
the  reach  of  sparks  along  railroads.  Second,  by  removing 
underbrush  from  the  entire  forest. 

When  a  fire  first  starts,  it  is  often  possible  to  smother  it. 
This  is  why  you  may  see  men  beating  a  grass  fire  with 
brooms  or  coats.  This  is  why  stepping  on  a  match  will  put 
it  out.  It  is  also  one  reason  why  you  pour  water  on  a 
flame.  Chemical  fire-extinguishers  smother  a  fire  by  sur¬ 
rounding  it  with  a  blanket  of  heavy  gas  which  will  not 
burn,  such  as  carbon  dioxide  or  carbon  tetrachloride. 

During  the  years  1933  and  1934  more  than  three  hundred 
thousand  young  men  were  at  work  in  the  Civilian  Conserva¬ 
tion  Corps.  Most  of  them  were  assigned  to  forest  reserva¬ 
tions.  These  young  men  in  less  than  one  year  constructed 
enough  miles  of  truck  roads  through  the  woods  to  encircle 
the  earth  at  the  equator.  These  roads  at  more  or  less  regular 
intervals  through  the  forest  serve  as  firebreaks  by  providing 
lanes  across  which  flames  cannot  pass,  and  they  help  men 
and  equipment  to  get  into  the  woods  quickly  to  fight  fires 
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Fig.  66.  Forest  Rangers  are  constantly  watching  for  Fires 


that  have  started.  The  young  men  also  laid  fifteen  thousand 
miles  of  telephone  wires,  so  that  news  of  a  fire  could  be 
spread  rapidly  and  help  be  secured  before  it  was  too  late. 
They  removed  underbrush  from  a  million  acres  of  forest 
and  developed  two  thousand  acres  for  airplane  landing 
fields. 

Forest  rangers  (Fig.  66)  are  on  duty  in  the  national 
forests  at  all  times.  From  lookout  towers  and  airplanes 
they  are  constantly  on  guard  in  order  to  locate  fires  while 
still  small.  As  soon  as  a  fire  is  discovered,  men  and  equip¬ 
ment  are  rushed  to  the  scene. 

During  a  period  of  prolonged  drought,  when  there  is 
more  danger  of  fires  than  usual,  conditions  of  the  atmos¬ 
phere  are  watched  carefully.  During  hot,  dry  weather 
men  are  taken  from  other  duties  and  are  held  ready  for 
immediate  call  in  case  a  fire  breaks  out. 

A  second  important  part  of  forest  conservation  is  that  of 
insect  and  fungus  control.  While  it  is  entirely  practical  to 
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spray  or  band  shade  trees  and  trees  in  small  parks,  it  is 
much  too  expensive  to  undertake  such  measures  in  forests. 
In  a  few  cases  forest  trees  have  been  insect  pests  must 
sprayed  from  airplanes,  but  the  cost  was  be  controlled 
very  great.  (A  spray  is  a  solution  of  a  chemical,  poisonous 
to  insects  or  fungi,  which  is  sprayed  upon  the  leaves  of 
trees  in  order  to  kill  pests.) 

Some  fungi  may  be  wiped  out  by  destroying  a  second 
plant  upon  which  they  live  part  of  the  time  —  the  currant 
bush,  for  example,  in  the  case  of  white-pine  blister,  and 
the  English  barberry  in  the  case  of  wheat  rust.  You  will 
learn  more  about  these  later.  This  suggests  the  need  for  a 
thorough  knowledge  of  the  life  history  of  the  organism  that 
is  doing  the  damage.  In  the  war  upon  the  white-pine  blister 
state  foresters  scouted  the  woods  and  pastures  of  New 
England  and  other  places,  destroying  all  currant  bushes 
and  related  shrubs.  As  a  consequence  many  white  pines 
were  saved. 

The  spread  of  insect  pests  is  often  delayed  by  strict 
quarantine.  This  method  has  been  used  with  doubtful 
success  in  attempts  to  control  the  Japanese  beetle,  now 
prevalent  in  New  Jersey  and  parts  of  Pennsylvania,  New 
York,  and  New  England. 

A  more  lasting  measure  is  that  of  discovering  some  natural 
enemy  that  will  destroy  the  pest,  but  it  must  be  an  enemy 
which  is  not  itself  a  pest.  Birds  are  important  natural 
enemies  of  insects  —  a  chief  reason  why  all  of  us  should  try 
to  protect  bird  life. 

C.  Why  are  Forests  still  Needed?  Why  do  they  have  a 
Place  in  Today’s  Economy? 

"But/'  perhaps  you  say,  "maybe  we  don't  need  great 
forests.  Maybe  other  products  are  going  to  replace  those 
of  the  forest,  as  oil  has  replaced  coal  for  some  purposes, 
as  iron  has  replaced  stone  and  copper  for  other  purposes, 
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Could  you  suggest  other  uses  for  wood  ? 

as  electric  lights  have  replaced  torches  and  tallow  candles. 
Perhaps  we  are  not  going  to  use  so  much  wood  in  the  future.” 

Let  us  see.  Look  at  Fig.  67.  Figures  show  that  we  are 
using  trees  just  about  four  times  as  fast  as  they  are  growing. 
Will  other  prod-  In  one  year,  1932,  we  used  ten  billion 
ucts  replace  wood?  board  feet  of  lumber,  most  of  it  from  the 
West.  What  other  substance  could  replace  lumber  for 
building  purposes,  for  furniture,  and  for  its  many  other 
uses  ?  There  are  other  substances,  perhaps,  but  could  they 
be  produced  as  cheaply?  Would  they  be  as  satisfactory? 
These  are  questions  that  will  need  answering,  especially  if 
our  forests  are  further  reduced.  Will  they  be?  If  you 
have  seen  the  waste  left  by  careless  lumbermen  or  have 
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Fig.  68.  Our  Forests  are  disappearing  rapidly  under  Lumbering  Methods 
Such  as  These 


seen  the  effect  of  careless,  large-scale  lumbering,  as  in 
Fig.  68,  you  realize  that  here  is  indeed  a  serious  problem. 

The  state  of  New  York  in  1929  produced  nearly  two 
million  cords  of  firewood.  You  may  expect  this  figure  to 
drop  somewhat  in  the  future,  perhaps,  as  coal  and  oil  are 
used  more  widely  for  fuel  in  rural  districts.  But  where 
firewood  is  near  at  hand,  it  will  doubtless  still  be  used  in 
large  quantities  unless  it  becomes  so  scarce  that  it  will  be 
too  expensive  for  most  people  to  buy. 

Still  another  use  for  wood  is  illustrated  in  the  following 
statement :  '"It  takes  sixteen  acres  of  spruce  trees  to  make 
the  paper  for  one  Sunday  edition  of  a  metropolitan  news¬ 
paper.”  Did  you  realize  that  one  and  a  half  billion  cords 
of  wood  are  made  into  pulp  wood  each  year  and  used  in 
the  manufacture  of  paper?  This  figure  will  probably  be¬ 
come  larger  rather  than  smaller  in  the  future,  because  al¬ 
most  all  paper  is  now  made  of  wood. 
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Rayon  and  cellophane  are  made  from  cellulose.  This 
cellulose  may  be  obtained  from  trees,  cotton,  corn,  or  other 
vegetation.  The  demand  for  these  products  is  increasing 
rapidly. 

Trees  and  forests,  as  you  have  already  learned  in  your 
previous  science  work,  are  important  agents  in  preventing 
erosion  and  destructive  floods.  Forests  are  important,  too, 
in  maintaining  a  steady  water  supply,  for  they  hold  the 
water  around  the  roots  of  the  trees,  allowing  it  to  run  off 
gradually. 

Forests  serve  also  as  game  refuges  and  sanctuaries  for 
wild-animal  life.  Outstanding  in  this  line  are  the  national 
forests  and  parks.  Probably  you  think  at  National  parks  are 
once  of  Yellowstone  Park,  with  its  tame  sanctuaries  for 
bears  and  herds  of  bison,  but  other  parks  wild  llfe 
serve  as  well  for  birds  and  animals  of  many  kinds.  Per¬ 
haps  no  better  statement  could  be  made  regarding  the 
importance  of  forest  protection  than  the  one  made  by 
Theodore  Roosevelt  years  ago  : 

Wise  forest  protection  does  not  mean  the  withdrawal  of 
forest  resources,  whether  of  wood,  water,  or  grass,  from  con¬ 
tributing  their  full  share  to  the  welfare  of  the  people,  but  on  the 
contrary,  gives  the  assurance  of  larger  and  more  certain  supplies. 
The  fundamental  idea  of  forestry  is  the  perpetuation  of  forests 
by  use.  Forest  'protection  is  not  an  end  of  itself;  it  is  a  means  to 
increase  and  sustain  the  resources  of  our  country  and  the  industries 
which  depend  upon  them . 


Forest  acreage  is  steadily  diminishing,  while  population  is 
increasing.  Wide  destruction  of  forests  means  loss  of  lumber 
supply,  drought,  erosion,  and  destruction  of  the  forest  habitat 
with  consequent  loss  of  wild  life.  Fires  and  invasions  of  insect 
pests  are  increased  in  the  forest  by  the  presence  of  man.  Steps 
must  be  taken  to  control  these  dangers. 
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Can  You  Answer  these  Questions? 

1.  What  are  the  most  common  causes  of  destructive  forest 
fires?  Can  you  support  your  answer  with  concrete  examples? 

2.  Why  did  the  pioneer  in  America  fear  the  forest  ?  Did  any¬ 
thing  else  but  fear  cause  him  to  destroy  the  forest? 

3.  What  chief  differences  are  there  between  the  way  in  which 
the  Indian  used  the  forests  and  the  way  in  which  the  white  man 
has  used  them?  Who  used  the  forest  more  wisely? 

4.  To  what  extent  have  the  forest  areas  diminished  during 
the  last  century  or  so? 

5.  How  important  a  factor  are  forest  fires  in  our  waste  of 
forest  resources  ? 

6.  To  what  extent  is  the  government  attempting  to  guarantee 
the  conservation,  or  saving,  of  forests? 

7.  What  part  did  the  forests  play  in  guaranteeing  a  large 
enough  water  supply? 

8.  What  did  Theodore  Roosevelt  mean  when  he  said  that 
forest  protection  is  not  an  end  in  itself? 


Questions  for  Discussion 

1.  Why  are  the  forests  different  in  character  in  different  parts 
of  the  country  ? 

2.  Is  it  possible  that  substitutes  may  be  found  for  certain 
tree  products  which  are  now  used  widely?  Can  you  think  of 
any  that  have  been  found? 

3.  Should  our  government  spend  money  to  plant  trees  as 
windbreaks  in  certain  sections  of  the  country?  Of  what  im¬ 
portance  are  they?  Why  is  not  the  planting  of  windbreaks  a 
matter  for  the  individual  owner  if  he  wants  them  ? 

4.  If  a  shortage  of  lumber  should  ever  occur,  would  it  not 
be  wise  to  cut  the  trees  in  many  of  our  national  forests? 

5.  Can  you  account  for  the  bad  floods  and  the  erosion  prob¬ 
lems  that  are  so  common  in  China? 
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Here  are  Some  Things  You  May  Want  to  Do 

1.  We  have  suggested  in  this  chapter  that  lumbering  in  the 
various  countries  of  Europe  differs  greatly  from  that  in  this 
country.  You  may  wish  to  make  a  special  study  of  these  differ¬ 
ences  and  to  discuss  whether  or  not  Europe  has  a  more  sensible 
outlook  upon  the  importance  of  lumber  and  forests  than  we 
have  in  this  country. 

2.  You  can  secure  booklets  and  other  materials  on  forestry 
from  the  Forest  Service,  Department  of  Agriculture,  Washing¬ 
ton,  D.  C.,  or  from  the  American  Tree  Association,  1214  Sixteenth 
Street,  Washington,  D.  C.  If  you  write,  be  sure  to  make  it  a 
class  letter  and  be  sure  to  give  the  people  to  whom  you  write 
some  idea  of  what  you  are  looking  for. 

3.  If  you  have  a  lumber  dealer  in  your  community,  visit  him 
and  see  what  you  can  find  out  about  the  types  of  lumber  most 
commonly  used.  Which  is  the  most  popular?  Where  does  it 
come  from?  Why  is  some  lumber  more  expensive  than  others? 
There  may  be  some  other  questions  of  special  interest  to  you. 

4.  Start  a  tree  nursery  in  your  school,  with  the  idea  that  trees 
will  later  be  planted  where  they  may  grow  to  maturity.  Where 
will  you  get  your  young  trees?  Some  states  furnish  them  at 
little  or  no  cost  to  people  who  will  use  them  wisely.  Investigate 
your  own  state  and  see  whether  this  service  is  provided  there. 

5.  See  if  you  can  find  any  dens  of  small  animals  in  your 
neighborhood.  Perhaps  you  would  like  to  photograph  them. 
How  can  you  secure  pictures  of  the  animals  in  their  native  state  ? 

6.  Show  on  a  map  the  regions  of  the  United  States  where 
farming  is  now  carried  on  but  which  might  better  be  turned 
back  to  forests  or  grasslands. 

7.  Prepare  an  exhibit  of  samples  of  the  native  woods  in  your 
community. 

8.  Place  some  wood  chips  in  a  test  tube  and  heat  them.  What 
commercial  products  were  once  obtained  from  this  source  but  are 
now  obtained  from  other  sources?  Consult  an  encyclopedia. 


Chapter  VII  •  How  and  Why  have  we  protected 
Certain  Forms  of  Wild-Animal  Life? 

A.  What  are  Some  of  the  Benefits  that  Man 
has  derived  from  Animals? 

Think  of  the  debt  which  we  owe  to  animals.  You  may 
picture  a  primitive  man  with  stone  and  sling  in  his  search 
for  the  wild  deer  or  hairy  mammoth.  You  may  have  in 
mind  a  scene  near  a  modern  slaughterhouse,  where  hun¬ 
dreds  of  animals  are  driven  to  death  for  one  day's  food 
supply.  Or  you  may  glimpse  a  jungle  pygmy  stalking  wild 
fowl,  or  a  fur-clad  Eskimo  spearing  seals  in  arctic  waters. 

In  any  case  what  motives  lie  behind  man's  never-ending 
pursuit  of  wild  animals  or  his  concern  for  those  so  carefully 
domesticated  ? 

"Food,"  you  answer.  Man  has  always  needed  animal 
food,  as  we  do  today.  The  Eskimo,  the  man  of  the  jungle, 
the  modern  business  man,  the  child  at  AT  , 

7  Man  has  used  am- 

play,  or  the  old  man  who  totters  down  the  mals  for  food  and 

street,  —  each  needs  some  meat  in  his  diet.  clothms 
And  for  this  meat  he  depends  upon  animals.  But  you  will 
think  of  many  other  ways  in  which  we  have  used  animals. 
You  may  picture  a  completely  fur-clad  person  of  the  frozen 
North,  a  woman  wrapped  in  an  expensive  winter  coat  of 
mink  or  ermine,  a  boy  in  a  leather  jacket,  or  a  lumberman 
in  stout  leather  boots.  You  may  think  of  animal  skins  used 
for  tent  coverings,  water-containers,  straps,  belts,  and  a 
hundred  other  purposes. 

Food,  clothing,  shelter,  —  for  these  purposes  we  have 
used  the  dead  animal.  What  of  the  living  animal?  Long 
before  the  dawn  of  recorded  history  man  discovered  that 
he  could  make  use  of  the  milk  and  eggs  of  certain  animals. 
These  he  domesticated.  He  discovered  also  that  animals 
might  be  made  to  do  work  for  him.  He  learned  to  make 
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Fig.  69.  Man  uses  Animal  Products  for  Many  of  his  Essential  Needs 
What  should  you  have  added  to  this  picture  ? 


use  of  wool  and  camel’s  hair,  of  alpaca  or  other  hairy 
coverings  of  living  animals.  And  he  discovered  that  ani¬ 
mals  are  good  companions.  Does  Fig.  69  suggest  any  of 
these  uses  to  you? 

Some  animals  have  been  used  to  protect  us  from  other 
animals.  You  think  at  once  of  the  dog  that  keeps  off  wild 
...  ,  animals,  that  tends  sheep,  or  that  serves  as 
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animals  that  de-  watchdog.  You  think  of  the  cat  that  has  a 
stroy  his  enemies  reputation  for  keeping  mice  and  rats  away, 

of  the  mongoose  that  attacks  the  deadly  Indian  cobra,  of 
toads  and  birds  that  live  on  insects.  Man  has  exercised  an 
interest  in  these  and  other  animals  that  help  him  in  de¬ 
stroying  harmful  organisms.  In  some  cases  he  has  taken 
great  pains  to  protect  them. 
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B.  Why  have  Certain  Wild  Animals  needed 
our  Protection? 

As  man  has  become  civilized  and  gained  increasing  con¬ 
trol  over  his  surroundings,  his  interest  in  animals  has  come 
to  be  much  more  than  just  a  general  interest.  It  has  be¬ 
come  necessary  for  him  to  do  something  about  it.  He  has 
found  in  a  civilized  world  that  many  wild  animals  need 
his  protection.  Why? 

Let  us  review  the  situation  here  in  the  United  States  as 
it  has  changed  during  the  past  few  generations.  Early 
white  settlers  found  a  land  rich  in  wild  life :  mammals,  birds, 
fish.  In  vast  stretches  of  forests  lived  some  four  hundred 
different  kinds  of  mammals  (animals  that  give  milk  to  feed 
their  young)  and  many  more  kinds  of  birds.  Rivers,  lakes, 
and  seas  furnished  food  of  other  kinds  in  abundance. 

But  conditions  have  changed.  As  forests  have  been  cut 
and  the  Great  Plains  cultivated,  deer,  elk,  caribou,  and 
bison  have  been  limited  in  their  natural  Habitats  have  been 
habitat  and  limited  in  their  food  supply,  destroyed 
These  animals  can  no  longer  roam  the  forests,  for  the  forests 
have  been  replaced  by  plowed  fields,  broad  streets,  and 
tall  skyscrapers ! 

Swamps  have  been  drained  to  make  room  for  cultivated 
meadows.  The  ducks,  geese,  herons,  and  muskrats  that 
lived  in  these  swamps  cannot  live  in  the  meadows.  Oil, 
poured  on  water  to  kill  mosquito  larvae,  has  killed  ducks, 
geese,  and  other  waterfowl  by  the  thousands. 

In  order  to  use  the  water  power  we  have  built  dams  in 
many  of  our  brooks  and  rivers.  But  in  so  doing  we  have 
made  it  impossible  for  millions  of  salmon,  trout,  shad, 
sturgeon,  and  certain  other  fish  to  get  to  their  spawning 
grounds.  Consequently  many  of  them  have  died  without 
spawning. 

Animals  have  needed  protection  against  the  greed  and 
ignorance  of  a  rapidly  increasing  human  population.  They 


138  Civilization  and  the  Balance  of  Nature 


Massachusetts  Division  of  Fisheries  and  Game 

Fig.  70.  Such  a  Kill  as  this  was  once  considered  Proof  of  "Good 
■I  Sportsmanship” 


A  true  sportsman  of  today  would  call  this  disgraceful 


have  needed  protection  against  greed  because  the  white 
man,  unlike  the  Indian,  has  killed  many  more  animals 
than  he  needed.  Do  you  think  there  is 
^no^ntly  imiedaS  any  excuse  for  the  kill  shown  in  Fig.  70? 
andf^r  fun  pr°fit  ^he  man  has  slaughtered  wild  birds 

and  sold  them  in  the  open  market  when  a 
bird  dressed  and  ready  to  eat  meant  only  a  mouthful  of 
food.  He  has  trapped  animals  for  their  fur  because  he 
could  make  a  little  money  or  a  fortune  from  its  sale.  Nor 
was  it  until  the  supply  was  almost  gone  that  he  began  to 
worry  about  it. 

And  there  is  ignorance.  You  might  think  it  evident 
enough  that  if  birds  or  mammals  are  killed  more  rapidly 
than  they  can  multiply,  then  these  animals  soon  will  be¬ 
come  extinct.  But  our  ancestors  were  too  busy  making  a 
living  to  worry  about  how  or  when  or  where  wild  animals 
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produced  others  of  their  kind.  The  early  settlers  were 
generally  ignorant  about  food  habits,  breeding  habits,  and 
other  characteristics  of  wild  animals. 


C.  What  Characteristics  have  caused  Certain  Animals 
to  be  Exploited? 

But  let  us  consider  some  of  this  wild  life  at  greater  length 
and  see  if  there  are  special  reasons  why  certain  animals 
have  been  in  danger. 

We  have  mentioned  the  elk  and  others  of  the  larger  ani¬ 
mals.  It  is  easy  to  see  that  there  is  not  room  in  this  country 
today  for  the  herds  of  large  animals  that  lived  here  dur¬ 
ing  the  time  of  the  red  man.  The  country  itself  has  been 
too  much  changed.  How  about  the  American  bison,  or 
"buffalo”  as  it  is  incorrectly  called?  These  huge  beasts 
were  a  part  in  the  balance  of  nature  that  prevailed  be¬ 
fore  the  Western  Plains  were  plowed.  They  ranged  over 
a  third  of  North  America,  and  were  numbered  by  millions 
in  the  days  before  the  coming  of  the  white  man.  They 
lived  in  herds  upon  the  prairies  and  neighboring  wood¬ 
lands.  As  the  white  man  began  to  settle  in  the  West, 
bison  herds  became  smaller  and  smaller.  In  the  first 
place,  the  big  animals  were  in  the  way.  There  was  neither 
room  nor  food  for  them.  In  the  second  place,  their  skins 
and  fur  were  of  some  value.  "Buffalo”  robes  were  found 
in  every  carriage  or  sleigh  and  upon  many  floors.  Bison 
flesh  made  good  food  not  unlike  beef.  Finally,  these  ani¬ 
mals  lived  in  herds.  A  solitary  animal  r™  A 

J  I  he  American 

often  has  a  chance  to  hide,  even  though  bison  is  big  and 
he  is  large  and  the  hiding  place  small,  but  llves  in  herds 
a  herd  has  no  such  chance.  Not  one  but  many  animals  in 
a  herd  were  killed  when  hunters  on  horseback  came  upon 
them  with  rifles. 

In  1889  the  bison  became  so  scarce  that  less  than  1000 
were  left  on  the  whole  continent.  Of  these,  256  were  in 
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captivity  in  parks  and  about  550  were  running  wild  in 
Canada.  Less  than  200  were  wild  in  the  United  States. 
Their  value,  except  as  a  picturesque  reminder  of  the  past, 
was  gone.  Then  the  government  became  interested  and 
decided  to  protect  them. 

About  1900  the  idea  of  Federal  ownership  of  herds  began 
to  be  popular.  The  Yellowstone  Park  herd  was  founded  in 
1902.  The  Wichita  national  bison  herd,  with  fifteen  animals, 
was  founded  in  Oklahoma  in  1907.  In  Canada  a  still  larger 
herd  was  created  near  Wainwright  in  Alberta.  Under  pro¬ 
tection  in  these  reservations  these  herds  increased  until 
in  1933  the  number  of  bisons  in  America  was  nearly 
eighteen  thousand.  Therefore  you  may  again  see  large 
herds  of  bison  today  in  certain  areas.  This  comeback  of 
the  nearly  extinct  bison  is  proof  that  wild  life  may  be 
protected  when  sufficient  interest  is  aroused  so  that  the 
needs  and  characteristics  of  the  animals  are  studied.  The 
American  bison  will  probably  never  be  as  numerous  as  it 
was  in  the  past,  for  it  can  never  range  over  the  same  vast 
territory.  But  there  are  many  acres  of  land  in  the  western 
United  States  and  Canada  not  needed  for  other  purposes 
and  unfitted  for  domesticated  cattle,  where  the  bison 
under  protection  and  possibly  semidomesticated  may  live 
and  multiply. 

The  fate  of  the  passenger  pigeon  offers  an  illustration  of 
the  disappearance  of  an  animal  probably  more  numerous,  a 

short  time  ago,  than  any  bird  now  living. 

migrategdrinhugr  This  wild  pigeon  (Fig.  72),  somewhat 

flocks.  They  were  smaller  than  the  common  domesticated 
good  to  eat  .  .  .  . 

pigeon  that  you  see  m  city  parks  and 
slightly  larger  than  the  mourning  dove,  was  a  migrating 
bird.  It  flew  south  in  the  autumn  in  huge  flocks  and  re¬ 
turned  again  in  the  springtime.  It  covered  a  range  from 
northern  Canada  to  the  Gulf  of  Mexico  and  from  the 
Atlantic  coast  westward  to  the  Great  Plains.  It  nested 
mainly  in  the  northern  parts  of  the  United  States. 


National  Portrait  Museum 

Fig.  71.  Thomas  Henry  Huxley,  who  fought  for  his  Scientific 
Beliefs  ( 1825-1895 ) 

The  Victorian  Age  in  England  has  come  to  suggest  many  things,  but  perhaps 
there  was  no  one  man  belonging  to  that  period  who  better  represents  it  than 
Thomas  Huxley.  A  brilliant  youth,  he  read  continuously.  He  spent  his  spare 
time  with  his  two  brothers-in-law,  who  were  physicians,  and  when  sixteen  he 
was  apprenticed  to  a  physician.  Entering  a  hospital  a  year  later,  he  had  three 
years  of  the  most  thorough  medical  training  that  could  be  had  at  the  time  •  At 
twenty  he  joined  the  navy  as  assistant  surgeon  on  H.  M.  S.  Rattlesnake ,  which 
was  starting  upon  a  trip  to  the  northeast  coast  of  Australia.  This  trip  had  an 
untold  influence  upon  Huxley’s  life,  for  it  gave  him  a  chance  to  study  natural 
history  on  a  broad  scale  at  first  hand.  He  made  observations  of  all  kinds  of 
life,  from  jellyfish  to  Australian  natives  •  A  splendid  lecturer  and  an  excellent 
teacher,  he  soon  won  a  place  for  himself  at  the  School  of  Mines  in  London, 
and  there  he  taught  for  thirty  years.  In  those  days  it  was  not  at  all  unusual  for 
one  man  to  be  an  authority  on  fossils,  general  biology,  anatomy,  and  anthro¬ 
pology.  Huxley  taught  all  these  subjects.  Owing  in  no  small  measure  to 
Huxley,  we  live  in  an  Age  of  Science.  The  Victorian  Age  could  hardly  be 
called  that  •  Professor  Huxley  did  much  to  make  science  and  the  scientific 
method  popular.  As  a  teacher  he  trained  a  small  army  of  young  men  who, 
going  out  later  as  educators  themselves,  won  a  place  for  science  in  the  educa¬ 
tion  of  every  boy  and  every  girl.  As  a  scientist  he  influenced  the  thought  in 
every  branch  of  biology  to  which  he  turned  his  attention. 
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A.  M.  N.  H. 

Fig.  72.  The  Passenger  Pigeon  was  once  a  Common  Bird 


Above  is  a  picture  of  a  museum  group  showing  this  now  extinct 
bird  in  a  natural  setting 


All  nineteenth-century  observers  agree  about  the  large 
numbers  of  these  birds.  John  James  Audubon  and  Alex¬ 
ander  Wilson  have  given  descriptions  of  flocks  so  large 
that  the  birds  broke  limbs  from  trees  where  they  went  to 
roost,  and  so  numerous  that  they  darkened  the  sky  as  they 
flew  overhead.  Lines  of  birds  nearly  a  mile  wide  were  so 
long  that  it  took  them  three  or  four  hours  to  pass  over 
one  spot !  These  flocks  ate  enormous  quantities  of  food  and 
were  very  destructive  to  regions  over  which  they  flew. 

When  a  flock  of  pigeons  appeared  in  the  spring,  the  whole 
community  turned  out  to  shoot  them.  Several  might  be 


The  Protection  of  Wild-Animal  Life 


143 


Arthur  A.  Allen 

Fig.  73.  The  Mourning  Dove,  a  Close  Relative  of  the  Passenger  Pigeon, 
can  still  be  Found 


Does  the  text  give  you  any  hint  as  to  the  reason  why? 


killed  at  a  single  shot  from  a  shotgun.  In  addition  the 
birds  were  snared  in  huge  nets  at  "pigeon  stands,”  where, 
tempted  by  food,  they  were  caught  by  the  thousands. 
Birds  caught  at  these  stands  were  dressed  and  sent  to 
market. 

Pigeons  in  such  large  numbers  may  have  been  a  nuisance. 
They  were  certainly  very  tempting  to  the  man  who  could 
snare  them  and  sell  them.  They  were  good  to  eat,  and 
cheap.  Doubtless  many  of  them  might  have  been  killed 
each  year  without  loss,  but  we  killed  too  many.  We  killed 
without  thought  of  the  future.  We  left  no  birds  to  breed. 
The  mourning  dove,  a  close  relative  of  the  passenger  pigeon 
and  pictured  in  Fig.  73,  has  escaped  a  similar  fate  because 
it  lives  in  pairs  rather  than  in  large  flocks  and  because 
it  never  was  so  numerous  as  to  attract  widespread  at¬ 
tention.  The  last  passenger  pigeon  of  which  there  is  any 
record  died  in  1914. 
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One  of  the  animals  that  has  been  slaughtered  because 
of  its  fur  is  the  seal.  There  are  several  different  kinds  of 
™  .  seals  and  sea  lions,  some  of  which  have 

slaughtered  for  very  little  hair  or  fur.  But  the  fur  seal 
lts  fur  which  lives  in  the  waters  of  the  northern 

Pacific  and  upon  the  Pribilof  Islands  off  the  coast  of  Alaska 
is  covered  with  a  beautiful,  fine,  soft,  brown  fur.  Scattered 
through  the  fur  are  long  stiff  hairs  which  protect  the  softer 
fur  while  the  animal  is  in  the  water,  but  these  hairs  may 
be  plucked  out  easily  when  the  fur  is  prepared  for  market. 
The  seal  is  a  comparatively  large  animal,  and  its  skin, 
though  soft,  is  tough.  These  two  characteristics  make  it 
valuable  for  its  fur. 

Fur  seals  spend  the  greater  part  of  the  winter  in  the 
ocean  and  may  spread  as  far  south  as  California  or  Japan. 
When  spring  comes,  they  find  their  way  north  again  to 
the  islands  that  have  been  their  exclusive  breeding  grounds 
for  countless  generations.  During  the  nineteenth  century 
hunters  from  Russia,  Japan,  Canada,  and  the  United  States 
found  it  profitable  each  spring  to  kill  these  animals  in  the 
waters  near  their  breeding  grounds,  for  there  they  could 
take  them  in  large  numbers.  Such  killing  was  referred 
to  as  pelagic  sealing  ( pelagic  being  from  a  Greek  adjective 
that  means  "sea”). 

In  pelagic  sealing  animals  were  usually  speared  or  shot 
in  the  water,  and  a  sizable  proportion  of  those  killed  sank 
before  they  could  be  recovered.  Besides,  while  the  seals 
were  in  the  water,  there  was  no  way  of  telling  which  were 
males,  which  were  females,  or  which  were  young  animals. 
Between  1867  and  1869  more  than  300,000  seals  were 
killed  in  Alaskan  waters,  and  this  rate  of  slaughter  con¬ 
tinued  until  about  1900.  In  1910  only  about  132,000  fur 
seals  remained  in  the  world. 

In  1911  a  treaty  was  signed  by  the  United  States,  Great 
Britain,  Russia,  and  Japan,  making  the  Pribilof  Islands  a 
fur-seal  reservation  under  control  of  the  United  States 
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Fig.  74.  On  the  Pribilof  Islands  are  found  the  Largest  Herds  of  Fur 
Seals  Today 


Many  nations  are  interested  in  this  reservation.  Perhaps  the  map 
will  help  you  to  understand  why 


government.  The  map  in  Fig.  74  will  show  why  these 
particular  countries  were  interested.  All  four  countries 
were  to  share  in  the  annual  proceeds  from  the  reservation. 
Pelagic  sealing  was  declared  unlawful  at  any  time.  Today 
the  surrounding  waters  are  carefully  patrolled,  as  shown  in 
Fig.  75,  B,  to  prevent  violations. 

A  study  was  made  of  the  life  history  of  the  seal.  It  was 
learned  that  as  the  animals  came  upon  the  islands  to  breed 
and  rear  their  young,  the  old  males  came  first.  Each  male, 
or  "bull,”  chose  his  own  particular  territory,  and  upon  this 
area  he  allowed  no  trespassing.  The  more  powerful  indi¬ 
viduals  gained  what  seemed  to  be  the  most  desirable  sites 
near  the  shore.  The  young,  half-grown  bulls  were  forced 
to  take  what  was  left,  some  distance  inland.  In  early  June 
the  females  appeared.  A  bull  near  the  shore  might  secure 
from  ten  to  twenty  females  to  live  within  his  exclusive 
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Fig.  75.  By  1910,  Owing  to  Reckless  Slaughter,  there  was  a  Possibility  that 
the  Fur  Seal  too  would  soon  become  Extinct 


Today,  as  the  result  of  action  on  the  part  of  all  interested  nations,  the  fur  seal 
again  flourishes.  A,  a  typical  seal  reservation ;  B,  the  type  of  patrol  boat  which 
protects  the  seal  against  illegal  hunting.  There  may  be  thousands  of  seals  in  a 

reservation 

territory.  The  young  which  were  born  a  few  days  after 
the  females  came  ashore  in  the  spring  remained  with  their 
mothers  all  summer.  Naturally  the  fighting  on  the  part 
of  the  old  bulls  left  most  of  the  young  ones  without 
mates.  When  the  men  in  charge  of  seal  protection  had 
learned  these  facts,  they  decided  that  some  of  these  young 
males  might  be  killed  without  in  any  way  disturbing  the 
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life  of  the  rookery,  as  the  breeding  place  of  fur  seals  is 
called.  Indeed  a  scarcity  of  males  would  simply  mean  less 
fighting  the  following  season.  Accordingly,  K 
only  young  male  seals  are  killed  today  to  family  life  led  to 
make  fur  coats.  In  the  twenty  years  be-  the  kiIlin?  only 

„  ,  ,  young  male  seals 

tween  1910  and  1930  the  population  of 

the  seal  rookeries  on  the  Pribilof  Islands  has  increased 

from  132,000  animals  to  nearly  1,000,000. 

But  let  us  take  another  illustration  from  a  very  different 
habitat.  Let  us  consider  the  salmon,  the  c  ,  ,  , 

fish  that  in  one  large  river  supplies  us  with  fish  are  killed 
some  twenty  million  pounds  of  canned  fish  when  they  migrate 
each  year.  The  salmon  migrates  each  spring  to  a  spawning 
ground  many  miles  removed  from  its  winter  home.  Nor  is 
the  salmon  the  only 
fish  that  migrates. 

Eels,  trout,  shad,  and 
sturgeon  migrate  as 
robins  and  wild  geese 
migrate,  and  in  even 
greater  numbers. 

Salmon  once  were 
numerous  in  nearly 
all  our  rivers  on  both 
the  Atlantic  and  the 
Pacific  coast,  but  our 
chief  supply  comes 
now  from  Alaska  and 
the  rivers  that  empty 
into  Puget  Sound. 

In  early  spring  they 
swarm  up  the  rivers 
in  schools  of  millions. 

They  jump  the  rapids 

and  pass  dams  which  it  would  seem  they  could  not  get  by. 
Can  you  see  the  salmon  in  Fig.  76?  It  is  surprising  to 


Ewing  Galloway 

Fig.  76.  Not  even  Rapids  can  stop  the  Salmon 
on  the  Way  to  their  Spawning  Grounds 
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Ewing  Galloway 

Fig.  77.  Salmon  are  among  the  Most  Important  of  our  Food  Fish 
Canneries  such  as  this  have  reduced  the  supply  of  salmon 

note  that  when  they  arrive  at  a  place  where  two  streams 
meet,  all  choose  one  stream,  although  to  an  observer  the 
other  looks  equally  inviting.  It  has  been  found  that  they 
always  choose  the  coolest  part  of  a  stream,  which  is  also 
the  part  richest  in  dissolved  oxygen.  The  oxygen  is  ap¬ 
parently  especially  important  to  them  at  spawning  time, 
both  for  more  vigorous  breathing  and  for  hatching  the 
eggs  and  supplying  them  with  air.  Indeed,  the  migratory 
journey  may  be  described  as  a  journey  in  search  of  oxygen. 
The  salmon  goes  even  farther  than  most  other  migratory 
fish,  straight  to  the  streams  near  the  mountain  tops.  These 
mature  salmon  spend  from  four  or  five  months  to  a  year  in 
fresh  water,  and  most  of  them  die  there.  A  few  return  to 
the  ocean.  The  young  fish  are  hatched  the  following  spring. 
Since  each  female  lays  several  thousand  eggs,  it  is  easy  to 
see  that  there  are  many  young  fish.  All  of  these  that  are 
to  mature  must  succeed  in  getting  back  into  the  ocean. 

Now  let  us  see  what  has  happened.  Why  has  our  supply 
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of  salmon,  as  well  as  of  other  migratory  fish,  diminished  in 
recent  years?  How  have  we  disturbed  conditions  under 
which  these  fish  have  lived? 

First  of  all,  you  may  think  that  we  have  killed  too  many 
of  them  for  canning.  This  is  doubtless  true.  Have  you  ever 
visited  a  salmon  can¬ 
nery?  Look  at  Fig.  77. 

Wholesale  methods  of 
catching  the  fish  as 
they  come  upstream, 
economy  in  canning, 
ready  demand  for  all 
that  is  canned,  —  all 
have  seriously  reduced 
our  supply  of  this 
valuable  food  fish. 

But  are  there  other 
reasons?  We  men¬ 
tioned  the  dams  in  the 
rivers,  built  to  supply 
water  power.  Unless 
special  runways  are 
left,  it  is  difficult  or 
even  impossible  for 
the  fish  to  pass  some 
of  these  dams  in  go¬ 
ing  upstream.  This 
of  course  means  a  loss, 
because  the  fish  die  before  spawning.  Then,  too,  these  dams 
may  prevent  the  young  fish  from  getting  downstream. 
Irrigation  ditches  have  been  responsible  for  the  death 
of  many  other  young  fish  which,  having  gone  down  them, 
found  no  outlet.  Sewage  and  waste  from  chemical  plants 
have  polluted  the  rivers  and  are  without  doubt  responsible 
for  further  losses.  The  scene  in  Fig.  78  is  the  result  of 
such  pollution. 


Massachusetts  Division  of  Fisheries  and  Game 

Fig.  78.  The  Pollution  of  Lakes  and  Waters 
is  helping  to  destroy  our  Fish 

Decay  produces  waste  products  and  takes 
oxygen  from  water 
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Armstrong  Roberts 

Fig.  79.  Many  Nations  of  the  World  are  setting  aside  Certain  Areas  as 
Sanctuaries  for  their  Bird  Life 


With  these  few  illustrations  of  exploited  animal  life  we 
have  attempted  to  show  how  man,  knowing  their  habits 
and  life  histories  and  profiting  by  past 
habi^shoul^mean  mistakes,  might  protect  valuable  animals. 
ableewil°d  Hf eValU'  ^^ile  covermg  t he  land  with  his  own  civi¬ 
lization  man  has  changed  to  a  considerable 
extent  its  animal  life.  Careful  study  and  observation  may 
help  him  in  making  changes  that  are  to  his  own  advantage 
as  well  as  to  the  advantage  of  generations  to  come. 
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D.  What  Attempts  have  we  made  to  protect  Wild  Life? 


In  describing  the  exploitation  of  the  bison  and  the  fur 
seal  we  showed  also  how  efforts  had  been  made  to  protect 
them.  You  may  know,  too,  how  the  ~  , 

United  States  has  set  aside  lands  for  na-  partments  have 
tional  parks  and  wild-life  reservations.  been  establlshed 

Conservation,  or  protection,  of  resources  becomes  im¬ 
portant  to  the  average  person  only  when  he  begins  to  find 
a  shortage.  Accordingly  conservation  as  a  national  policy 
and  as  a  topic  of  pop¬ 
ular  interest  first  ap¬ 
peared  about  1890. 

Within  the  last  forty 
years  our  efforts  at 
conservation  have,  ac¬ 
cording  to  William 
T.  Hornaday,  ranged 
all  the  way  from 
elephants  to  oysters 
and  have  included 
a  recent  attempt  at 
preserving  the  great 
whales. 

The  United  States 
Bureau  of  Biological 
Survey  came  into  be¬ 
ing  in  1885.  It  now 
enforces  conservation 
laws  relating  to  in¬ 
terstate  commerce  in 
game  and  fur  animals, 
to  the  protection  of 
birds  on  reservations 
(similar  to  the  one  in  Fig.  79),  and  to  the  migratory-bird 
treaty  with  Canada.  It  maintains  preserves  and  sanctuaries 


Massachusetts  Division  of  Fisheries  and  Game 

Fig.  80.  Game  Wardens  Play  an  Important 
Part  in  the  Conservation  of  Wild  Life 

Do  you  know  the  duties  of  game  wardens  in 
your  state?  Do  you  cooperate  with  them? 
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Fig.  81.  Certain  Methods  of  Hunting  are  now  Illegal  in  Many  States 
Why  do  you  think  the  method  shown  here  should  be  considered  illegal? 


for  birds  and  big  game.  It  carries  on  research  and  experi¬ 
ments  relating  to  fur  farming,  game  farming,  and  the  rein¬ 
deer  industry  in  Alaska.  It  serves  as  a  clearing  house  for 
information  on  wild-life  conservation.  The  Forest  Service 
protects  wild  life  in  national  parks,  while  the  United  States 
Bureau  of  Fisheries  is  responsible  for  the  protection  and 
breeding  of  food  fish,  including  shellfish.  Of  course  shellfish 
(clams,  lobsters,  oysters,  and  scallops)  are  not  fish,  but  their 
conservation  is  just  as  important  as  that  of  the  fish  we  have 
been  discussing.  The  Bureau  of  Fisheries  cares  for  the  sal¬ 
mon  fisheries  and  the  fur  sealing  on  the  Pribilof  Islands. 

In  addition  to  these  agencies  of  the  Federal  government 
most  states  and  some  towns  have  game  wardens  whose  duty 
Game  wardens  ^  see  that  local  regulations  are  main- 
maintain  local  tained  (Fig.  80).  They  must  see  to  it 

regulations  that  hunters  and  fishermen  have  permits, 

for  which  they  have  paid,  and  that  they  hunt  or  fish  only 
at  certain  seasons  and  under  certain  conditions.  In  nearly 
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Armstrong  Roberts 

Fig.  82.  Many  Large  Estates  today  are  "Posted”  against  Hunting 
and  Fishing 

Do  you  think  the  owner  of  such  land  is  justified  in  "posting”  it? 


all  localities  "spring  shooting”  of  any  animals  is  now  for¬ 
bidden,  because  this  is  the  breeding  season  and  shooting 
at  this  time  means  heavy  loss  of  young.  "Night  shooting” 
is  prohibited  in  many  places  in  the  case  of  birds  because 
birds  migrate  in  largest  numbers  at  night.  Fig.  81  illus¬ 
trates  an  example  of  illegal  deer-hunting.  Certain  animals 
in  danger  of  being  entirely  destroyed  may  There  are  closed 
not  lawfully  be  killed  at  any  time,  while  seasons  in  hunting 
the  "open  season”  for  others  is  only  for  and  fishms 
a  few  days  in  late  fall  or  early  winter.  Likewise  the  fish¬ 
ing  season  is  limited,  and  only  fish  larger  than  a  certain 
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minimum  length  may  be  taken.  Market  shooting  and 
fishing  with  nets  are  also  strictly  regulated  where  not  en¬ 
tirely  prohibited. 

In  addition  to  the  many  public  agencies  there  are  count¬ 
less  private  sanctuaries  for  birds  and  other  animals,  and 
many  organizations  interested  in  conservation  of  wild  life. 
Golf  courses  have  come  to  be  used  commonly  for  bird 
sanctuaries,  while  many  large  estates  " posted,”  as  in 
Fig.  82,  against  hunting  and  fishing  at  all  times  serve  also 
as  homes  and  safe  breeding  grounds  for  birds  and  mammals. 

As  illustrations  of  organizations  formed  for  the  protection 
of  wild  life  there  are  the  National  Association  of  Audubon 
Societies,  the  American  Nature  Association,  the  Isaac  Wal¬ 
ton  League,  the  American  Forestry  Association,  and  others. 
Perhaps  your  community  or  state  has  a  branch.  What  do 
you  know  of  their  work? 


Many  wild  animals  need  protection  because  their  habitats 
have  been  destroyed.  Some  have  characteristics  that  make 
them  "easy  marks”  for  the  hunter.  Bisons  live  in  herds. 
Migrating  birds  may  be  shot  in  flocks.  Some  fish  are  killed  in 
large  numbers  during  migration.  Wise  conservation  policies 
are  aiding  in  the  protection  of  wild  animals. 


Can  You  Answer  these  Questions? 

1.  Why  does  the  life  of  man  depend  to  a  great  extent  upon 
animals  ? 

2.  Why  do  wild  animals  need  the  protection  of  man? 

3.  What  are  some  of  the  ways  in  which  man  has  exploited 
wild-animal  life  ? 

4.  How  have  the  natural  habits  of  seals  helped  to  provide 
a  means  for  catching  them? 

5.  How  have  the  natural  habits  of  the  salmon  been  exploited 
by  man  to  his  own  benefit? 
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6.  What  effect  has  the  destroying  of  forests  had  upon  wild- 
animal  life  ? 

7.  Why  were  so  many  countries  interested  in  the  Pribilof 
sealing  grounds? 

8.  Why  was  the  passenger  pigeon  destroyed,  while  the  mourn¬ 
ing  dove  still  exists? 

Questions  for  Discussion 

1.  Should  wild  animals  be  preserved  in  national  parks  like 
Yellowstone  Park  in  Wyoming  or  the  Carl  Akeley  Park  in 
Africa,  even  when  these  animals  are  of  no  possible  economic  value  ? 

2.  How  does  the  wild-animal  life  of  your  region  today  differ 
from  what  it  was  a  generation  ago?  Consider  birds  as  well  as 
ground  life.  Perhaps  some  older  people  at  home  can  help. 

3.  Could  the  region  of  the  Yellowstone  National  Park  before 
it  was  settled  have  supported  as  many  bears  as  now  live  there? 

4.  What  are  landlocked  salmon,  and  how  did  they  get  their 
name? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Read  in  class  some  descriptions  of  pigeon-trapping,  bison¬ 
hunting,  whaling,  or  other  forms  of  sport  or  industry  which 
were  written  before  the  twentieth  century.  See  if  you  can  find 
any  differences  in  the  point  of  view  with  which  these  things 
w7ere  considered  by  the  community  and  the  individual. 

2.  Look  up  the  migratory-bird  treaty  with  Canada  and  re¬ 
port  on  it  in  class. 

3.  Look  up  the  game  laws  in  your  state  and  be  ready  to  dis¬ 
cuss  such  questions  as  Are  any  animals  listed  as  having  no  open 
season?  Are  the  seasons  on  most  animals  long  or  short?  Are 
there  closed  seasons  on  the  female  and  not  on  the  male?  See 
if  you  can  explain  why  some  of  the  laws  you  find  are  necessary. 

4.  Make  a  special  study  of  the  whaling  industry  and  find  out 
whether  there  is  any  danger  that  whales  will  become  extinct. 
You  may  wish  to  carry  this  study  into  other  fields  and  find 
out  what  animals  have  become  extinct  within  the  last  century. 

5.  Make  a  special  study  of  the  migratory  habits  of  some  other 
fish,  such  as  shad.  Compare  them  with  the  salmon. 


Chapter  VIII  •  How  have  we  attempted  to  con¬ 
trol  the  Spread  of  Undesirable  Plants? 

Should  you  like  a  flower  garden  that  requires  little  care  ; 
that  needs  no  watering,  no  fertilizing,  no  weeding ;  one  in 
which  the  plants  will  grow  whether  it  rains  or  shines  ?  Then 
be  content  to  raise  dandelions,  English  daisies,  black-eyed 
Susans,  Queen  Anne's  lace,  and  goldenrod. 

A.  What  are  Weeds? 

Whether  you  have  lived  all  your  life  in  a  large  city  or 
whether  you  have  lived  in  the  country,  you  are  familiar 
A  weed  grows  with  that  large  group  of  plants  commonly 
unwanted  called  weeds.  A  weed  is  a  plant  that  grows 

where  it  is  not  wanted  and  usually  where  we  do  want  other 
plants  that  are  more  useful  to  us.  On  that  account  all  of  us 
who  have  gardens,  no  matter  what  their  size,  are  faced 
continuously  with  the  problem  of  getting  rid  of  weeds. 

It  may  seem  unnecessary  to  name  or  even  to  describe 
these  most  common  of  plants.  Yet  many  of  us  who  see 
them  every  day  have  never  stopped  to  think  about  them. 
Why  are  they  weeds  ?  What  characteristics  have  they  that 
make  them  undesirable  ? 

Let  us  consider  the  dandelion.  Is  Fig.  83  familiar? 
Here  it  is  summer,  and  those  dandelion  plants  in  our  lawn 
have  been  blossoming  since  early  April.  We  have  mowed 
the  lawn,  —  yes,  many  times,  —  but  the  little  yellow  blooms 
continue  to  appear  down  there  tight  to  the  ground,  out  of 
reach  of  the  sharp  knife  blades.  They  have  bloomed  and 
gone  to  seed,  and  their  white  tops  have  blown  away  upon 
Weeds  are  likely  to  the  wind.  A  count  was  once  made  that 
have  many  seeds  showed  that  one  particular  dandelion  plant 
produced  three  hundred  and  fifty-three  blossoms  in  one 
season.  Did  our  roses,  our  peonies,  or  even  our  petunias 
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Fig.  83.  The  Dandelion  is  One  of  our  Most  Common  Weeds 

Notice  in  A  how  the  leaves  are  spread  to  the  sunlight,  and  consider  what  hap¬ 
pens  to  grass  underneath.  See  how  the  thick,  sturdy  taproot  in  B  helps  the 
plant  to  live.  Is  C  a  familiar  scene  ? 


do  as  well  as  that  ?  Not  at  all !  Did  our  rose  seeds  or 
our  peony  seeds  drift  away  on  the  wind  to  produce  new 
plants  next  season  ?  In  most  cases  their  seeds  did  not  even 
develop!  Even  the  petunia  seeds  could  do  no  better  than 
sift  into  the  ground  about  the  parent  plants. 

Notice  the  leaves  of  the  dandelion  in  Fig.  83,  A.  See  how 
they  are  arranged  in  a  little  rosette,  or  cluster.  There  are 
twenty  or  more  of  them.  Yet  each  one  has  found  a  place 
in  the  sun.  Each  one  is  a  food  factory  in  which  carbohy¬ 
drates  are  made  during  every  sunlit  hour.  And  notice  how 
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Fig.  84.  The  Dandelion  is  not  the  Only  Common  Weed 

How  many  of  these  weeds  grow  in  your  neighborhood?  Are  there  any 
others  more  common,  which  you  would  want  to  add? 


they  would  spread  over  grass  beneath  them.  What  chance 
has  grass  below  this  thick  green  mat  of  leaves?  Now  sup- 
L  f  pose  we  try  to  pull  up  a  dandelion  by  its 

weed^grow1^7  roots.  You  can't,  you  say.  You  have  tried 

rosettes  close  to  it  ?  Well,  dig  one  out  with  a  trowel.  Note 

the  length  of  the  thick  taproot,  as  shown  in 
Fig.  83,  B.  Note  its  strength.  Compare  it  with  the  roots 
of  a  petunia,  a  geranium,  or  a  coleus.  Do  you  see  why  it 
continues  to  live  even  though  the  whole  top  may  be  cut 
off  ?  It  may  also  live  through  the  winter  cold  and  produce 
blooms  early  next  spring. 
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Let  us  look  about  the  lawn  for  other  weeds.  There  are 
other  kinds  of  rosettes.  Here  is  plantain,  both  the  wide- 
leaf  and  the  narrow-leaf  varieties.  Plan-  Weeds  are  likely  to 
tains  too  have  tough  roots  and  many  of  have  tough  roots 
them.  Mustard,  mullein,  dock  thistles,  wild  carrot,  and 
many  others  reward  our  search  (see  Fig.  84).  Not  a  very 
well-kept  lawn,  you  think?  Carefully  look  over  your  own 
lawn,  with  an  eye  to  rosettes  that  spread  in  the  sunshine 
and  roots  that  cling  tightly  to  the  soil. 

Give  a  thought  to  the  seeds  of  these  plants.  Are  they 
many?  Are  they  easily  transported?  Are  they  hardy? 

One  scientist  tells  us  of  some  work  in  counting  weed 
seeds.  A  single  average-sized  pursley  plant  produced 
69,000  seeds.  A  rosette  of  Queen  Anne's  lace  produced 
50,000,  and  a  mustard  plant  produced  1,500,000.  He  tells 
us  of  further  observations  where  weed  seeds  have  lived 
dormant  in  the  ground  for  as  long  as  thirty  years  and  then 
sprouted  when  conditions  became  more  favorable. 

There  is  still  another  important  reason  why  many  weeds 
have  made  themselves  so  objectionable.  You  know  that  a 
plant  in  its  native  environment  is  likely 

.  -i  i  i  •  rm  Many  weeds  are 

to  have  many  natural  enemies.  I  here  are  imports  and  have 
insects,  fungus  growths,  birds  that  eat  its  few  enemies  except 

...  .  man 

seeds,  and  other  things  which  prevent  it 
from  spreading.  Some  of  our  worst  weeds  are  not  native. 
They  have  been  brought  here  for  one  reason  or  another, 
found  the  environment  satisfactory,  spread  rapidly,  and 
had  few  or  no  enemies  to  stop  them.  Dandelions,  daisies, 
sorrel,  pursley,  wild  onion,  pigweed,  mustard,  plantain, 
mullein,  dock,  and  thistles  are  a  few  of  the  weeds  that  have 
been  imported.  Some,  at  the  time  they  were  brought  here, 
were  considered  useful  as  medicines  or  spring  tonics,  some 
as  " garden  greens,"  and  a  few  as  additions  to  the  flower 
garden. 

You  may  be  interested  in  a  number  of  plants,  imported 
more  recently,  that  seem  to  be  in  a  fair  way  to  become 
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pests.  During  the  World  War  foxglove,  or  digitalis,  used  as 
a  medicine  for  the  heart,  was  raised  in  gardens  in  this 
country  because  it  could  not  be  imported.  It  has  beautiful 
tall  spikes  of  blue  blossoms.  In  several  localities  it  has 
proved  much  too  well  adapted  to  its  new  environment  and 
has  escaped  into  the  fields. 

You  have  read  about  the  red  poppies  which  grow  in 
Flanders  fields.  They  have  become  an  emblem  of  the  World 
War  veterans.  These  beautiful  flowers,  a  pest  in  Flanders 
wheat  fields,  have  been  introduced  to  us  recently  in  wheat 
seed.  Will  they  become  a  pest  in  America? 

The  Russian  "thistle"  has  lately  been  introduced  in 
flaxseed  from  Russia.  It  has  become  most  undesirable  in 
the  eyes  of  Western  farmers. 

Thick  in  the  waters  of  Florida  ponds  and  streams,  as 
shown  in  Fig.  85,  is  the  beautiful  water  hyacinth,  known 
among  the  natives  there  as  "lilac  devil."  You  who  live  in 
Northern  cities  may  pay  a  quarter  apiece  or  even  more  for 
these  plants  when  you  buy  them  for  your  aquariums.  But 
Florida  would  be  very  glad  to  get  rid  of  them  all. 

You  may  ask  why  weeds  are  harmful.  The  chief  reason 
is  that  they  take  the  place  of  other  plants  of  greater  value. 

But  there  are  other  reasons  as  well.  Take 

Some  weeds  are 

poisonous  and  pro-  the  case  of  the  wild  onion  which  may  grow 

duce  unpleasant  jn  wheat  fields.  Just  a  very  few  onion 
results 

seeds  ground  with  the  wheat  will  make  the 
flour  unfit  for  use.  Daisies  and  dandelions  dried  in  hay 
and  fed  to  cows  produce  bitter  milk.  A  little  wild  onion 
in  the  cows'  diet  results  in  milk  that  smells  like  garlic. 
Other  weeds  in  the  fields  are  poisonous  or  even  deadly  to 
cattle,  sheep,  and  horses.  Among  these  are  low  laurel, 
water  hemlock,  dogbane,  nightshade,  pokeweed,  and  loco 
weed.  Some  of  these  are  shown  in  Fig.  86. 

Weeds  damage  the  growing  plants  by  robbing  the  soil 
of  nitrogen  and  other  chemical  elements  necessary  for 
plant  growth.  They  are  damaging  also  because  of  the 
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Ewing  Galloway 

Fig.  85.  Owing  to  their  Rapid  and  Wide  Growth  Some  Weeds  cause 
Much  Difficulty 


The  picture  shows  a  Florida  stream  choked  with  water 
hyacinth,  or  " lilac  devil” 


water  they  take  from  the  soil.  The  leaf  surface  of  a  morn¬ 
ing-glory  vine,  for  example,  is  enormous.  There  are  mil¬ 
lions  of  stomata  on  the  undersurface  of  the  leaves,  and 
through  each  of  these  small  openings  there  is  a  continuous 
flow  of  water.  It  may  require  as  much  water  for  growth 
of  a  morning-glory  as  for  growth  of  a  corn  plant.  In  case 
of  drought  this  is  extremely  important. 

Poison  ivy  and  poison  sumac  are  poisonous  to  the  touch 
as  well  as  to  the  taste  and  may  cause  severe  skin  infections. 
If  you  do  not  already  know  them,  you  should  learn  to 
recognize  these  plants  and  to  keep  at  a  safe  distance  from 
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Are  any  of  these  common  to  your  region?  What  steps  are 
being  taken  to  get  rid  of  them? 


them.  The  poison  in  the  case  of  these  pests  is  in  the  form 
of  a  heavy  oil  which  comes  from  the  leaves  and  stems.  This 
oil  may  turn  to  vapor,  and  persons  especially  susceptible 
may  be  poisoned  as  they  pass  along  a  road  where  ivy  or 
sumac  is  being  burned  or  mowed.  Fig.  87  shows  some 
poison  ivy  beside  its  harmless  relative  the  Virginia  creeper. 

Two  other  weeds,  giant  ragweed  and  lesser  ragweed,  or 
wormwood,  are  believed  to  be  the  cause  of  most  cases  of 
hay  fever.  The  pollen  from  these  flowers  is  carried  by  the 
wind,  and  to  sufferers  of  hay  fever  it  is  extremely  irritating 
to  the  mucous  membranes  in  the  eyes,  nose,  and  throat. 


The  Control  of  Undesirable  Plants 


163 


Fig.  87.  Poison  Ivy  is  really  Poisonous  to  Many  People.  Virginia  Creeper 

is  Harmless 

You  should  be  able  to  recognize  these  two  plants.  A,  the  ivy ;  B,  the  creeper 


B.  How  do  we  control  Weeds? 

By  understanding  the  nature  and  habits  of  our  worst 
weeds  we  may  be  able  to  get  rid  of  them.  Without  this 
knowledge  our  warfare  against  them  is  ineffective. 

Let  us  take  dandelions  again  as  an  illustration.  You  go 
out  on  your  lawn  to  dig  them.  You  should  do  this  very 
early  in  the  spring  before  the  first  seeds  Control  depen(is 
have  ripened  and  blown  away.  You  should  upon  understand- 
be  sure  that  you  are  using  a  tool  which  ing  the  hablts 
reaches  the  roots;  for,  if  not,  the  roots  will  soon  sprout, 
living  meanwhile  on  the  food  that  is  stored  in  them.  And 
after  you  have  dug  them,  be  sure  you  carry  them  away  and 
destroy  them.  If  you  don’t,  they  may  take  root  and  grow 
again.  If  there  are  so  many  plants  that  you  cannot  dig 
them,  another  method  is  to  stab  each  rosette  in  the  middle 
with  a  sharp  stick  dipped  in  carbolic  acid  or  sulfuric  acid. 
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United  States  Department  of  Agriculture 


Fig.  88.  The  Government,  through  Strict  Quarantine  Laws,  forbids  the 
Transportation  of  Some  Undesirable  Plant  Pests  from  One  Region  of  the 
Country  to  Another 


These  chemicals  are  strong  enough  to  kill  even  dandelions. 
Other  rosettes  in  your  lawn  may  be  dug  or  poisoned  in  the 
same  way.  But  if  the  lawn  is  too  bad,  it  should  be  dug  up, 
rolled,  and  reseeded.  In  so  far  as  possible  the  grass  seed 
should  be  free  from  weed  seeds.  But  most  grass  seed  con¬ 
tains  weed  seeds.  In  good-quality  seed  sold  by  reliable 
companies  as  many  as  sixty  thousand  weed  seeds  per 
pound  have  been  counted. 

As  for  keeping  the  weeds  out  of  a  garden  there  seems  to 
be  only  one  way.  Just  keep  on  pulling  them  and  hoeing 
them  out.  It  is  especially  important  of  course  to  get  rid 
of  them  before  they  are  old  enough  to  flower,  so  that  no 
seeds  may  be  formed.  It  is  also  important  that  they  be 
placed  where  the  roots  have  no  possible  chance  of  coming 
in  contact  with  the  soil  again.  For  this  reason  it  is  better 
to  weed  a  garden  during  hot,  dry  weather  than  when  the 
soil  is  wet. 
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When  a  farmer’s  hayfields  become  badly  invaded  by 
weeds,  he  has  little  choice  except  to  mow  the  land  early 
before  seeds  can  form  and  then  to  plow  the  entire  area.  It 
should  be  cultivated  for  one  or  two  seasons,  after  which 
grass  may  be  resown. 

If  the  land  is  well  fertilized  and  good  seed  sown,  the  grass 
will  get  a  start  before  the  weeds  do.  Grass  needs  soil  rich 
in  phosphates,  potash,  and  nitrates.  Weeds  grow  best  in 
an  alkaline  soil.  An  excellent  lawn  fertilizer  used  according 
to  directions  is  ammonium  sulfate.  This  chemical  is  slightly 
acid.  Being  acid,  it  encourages  grass  while  it  discourages 
the  growth  of  most  weeds.  Fall  seeding  for  grass  or  hay 
is  best. 

The  United  States  has  certain  quarantine  laws  that  for¬ 
bid  the  entrance  of  uninspected  plants  into  the  country 
and  that  also  forbid  the  transportation  of  plants  from  one 
part  of  the  country  to  another.  Perhaps  you  have  seen  a 
sign  such  as  the  one  in  Fig.  88. 


C.  How  do  we  control  Fungus  Diseases  of  Plants? 

There  are  other  kinds  of  plants  still  more  undesirable 
than  weeds ;  but  because  many  of  them  are  so  small  that 
they  can  be  seen  only  through  a  microscope,  one  is  perhaps 
less  likely  to  think  of  them.  We  refer  to  the  group  of  fungi 
known  as  rusts,  smuts,  and  blisters. 

Let  us  tell  you  briefly  about  four  of  them  that  are  typical : 
the  white-pine  blister,  the  wheat  rust,  Dutch  elm  disease, 
and  the  chestnut-tree  blight. 

Fungi  are  flowerless  plants  that  produce  others  of  their 
kind  by  means  of  dustlike  particles  called  spores.  A  fungus 
has  only  one  parent.  Fungi  are  not  green.  Fungi  must  live 
They  contain  none  of  the  coloring  matter  uP°n  other  plants 
(chlorophyll)  which  makes  it  possible  for  a  plant  to  make 
its  own  food.  Consequently  these  fungi  must  live  upon  food 
produced  by  other  plants.  Some  of  them  live  upon  dead 
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things ;  among  these  (Fig.  89)  are  mushrooms,  toadstools, 
and  molds.  They  are  called  saprophytes.  Others  live  upon 
living  things.  They  are  called  parasites.  Examples  of  para¬ 
sites  are  the  rusts  that  live  upon  larger  living  plants. 

Rusts  produce  spores  which  look  somewhat  like  iron 
rust.  They  pass  through  several  different  stages  in  their 

Wheat  rust  lives  life  history-  Indeed  as  many  as  five  differ¬ 
ent  barberries  part  ent  kinds  of  spores  may  be  borne  by  a 
of  the  tune  single  rust.  The  growth  of  wheat  rust 

begins  in  the  spring,  when  tiny  cuplike  organs  filled  with 

spores  appear  on  the 
underside  of  the 
leaves  of  the  com¬ 
mon  English  bar¬ 
berry  bushes.  These 
spores,  which  grow 
only  upon  barberry 
bushes,  are  blown 
through  the  air ;  some 
of  them  fall  upon 
wheat  plants.  Soon 
reddish  spores  ap¬ 
pear  upon  the  wheat. 
They  may  spread  to 
other  wheat.  Later 
in  the  season  black 
spores  form  on  the 
wheat  stalks,  where 
they  remain  dormant 
until  early  spring.  At 
that  time  the  spores 
are  blown  from  the 
wheat  to  the  barber¬ 
ries,  and  another  life 
cycle  similar  to  that  in  Fig.  90  begins.  The  rust  feeds  upon 
chlorophyll  and  so  is  very  damaging  to  the  wheat. 


J.  Hqrace  McFarland 

Fig.  89.  Fungi  live  upon  Food  produced  by 
Other  Plants 

A,  toadstools;  B,  mushrooms.  One  is  poison¬ 
ous  as  a  food;  the  other  is  not.  Can  you  tell 
them  apart? 
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Fig.  90.  Wheat  Rust  is  a  Parasite 

At  the  top,  the  spores  on  the  underside  of  English  barberry  leaves ;  at  the  . 
right,  the  first  signs  of  the  rust  upon  a  healthy  wheat  plant ;  at  the  left,  the 
result  of  the  rust.  How  may  this  parasite  be  controlled? 


There  are  two  chief  means  of  keeping  the  wheat  rust 
under  control.  One  is  to  find  wheat  plants  that  can  resist, 
or  are  immune  to,  the  attacks  of  the  rust.  When  such 
plants  are  found,  new  varieties  can  be  developed  from 
them  in  accordance  with  the  laws  discussed  in  Chapter  II. 
Several  varieties  are  raised  at  the  present  time  that  are 
able  partially,  but  not  wholly,  to  resist  rust.  The  Marquis 
is  one  of  them.  Another  method  of  control  is  to  do  away 
with  all  the  barberry  bushes  in  the  coun-  A  .  ,  c 
try.  This  does  not  include  the  Japanese  trol  is  to  do  away 
barberry  commonly  used  for  hedges,  but  Wlth  the  barberries 
only  the  wild  barberry  originally  introduced  from  Europe, 
whose  berries  your  mothers  or  grandmothers  may  have 
used  for  making  sauce. 

For  centuries  there  was  a  saying  among  European  peas¬ 
ants  that  barberry  bushes  near  a  wheat  field  would  spoil 
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Fig.  91.  White-Pine  Blister  is  Another  Form  of  Parasite 
The  English  black-currant  bush  serves  as  host  part  of  the  year 


their  wheat.  Some  people  said  it  was  only  a  superstition, 
but  they  were  wrong.  In  this  case  a  correct  relationship 
was  observed  long  before  it  was  explained. 

The  white-pine  blister  is  a  fungus  that  attacks  white 
pines.  It  never  grows  upon  red  pines  or  yellow  pines,  al¬ 
ways  upon  some  variety  of  white  pine.  Just  how  it  was 
introduced  into  this  country  no  one  knows,  but  it  appears 
to  have  come  from  Europe  early  in  the  twentieth  century. 
It  spread  rapidly  through  the  pines  of  New  England  and 
New  York,  and  experts  of  the  Department  of  Agriculture 
began  to  study  it. 

They  discovered  that  this  fungus  lives  part  of  its  life 
upon  the  white  pine,  but  the  rest  of  its  life  upon  currants 
or  gooseberry  bushes.  It  grows  especially 
^controlled  by**  upon  the  English  black  currant.  The  cycle 
destroying  currant  js  shown  in  Fig.  91.  The  control  in  this 
case  is  by  destroying  all  currant  and  goose¬ 
berry  bushes,  including  wild  ones  that  may  be  growing  in 
the  woods.  This  the  state  foresters  proceeded  to  do  through 
large  sections  of  the  country,  much  to  the  disgust  of  house¬ 
wives  who  liked  to  make  currant  jelly  and  gooseberry  tarts. 
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C.  F.  Korstian,  United  States  Forest  Service 


Fig.  92.  There  are  Other  Forms  of  Fungus  Diseases 


This  shows  the  destructive  action  of  the  chestnut  blight.  A,  enlargement  of 
the  branch  and  splitting  of  the  bark.  B  shows  numerous  threads  of  material  in 
which  immense  numbers  of  spores  are  found 


But  it  was  a  question  of  losing  the  currants  or  losing  the 
pine  trees.  Which  do  you  think  is  more  important? 

The  Dutch  elm  disease  is  a  blight  which  has  only  re¬ 
cently  appeared  upon  elms  in  New  Jersey  and  adjoining 
sections  of  New  York.  It  grows  just  under  the  bark  of 
the  tree  and  may  be  identified  as  a  thin  brown  streak.  It 
is  believed  to  have  come  to  us  from  Asia,  but  by  way 
of  Holland,  where  it  was  noticed  as  long  ago  as  1919. 
It  is  not  known  that  this  elm  fungus  lives  The  Dutch  elm 
upon  any  other  plant,  but  experts  are  now  fungus  is  carried 
fairly  certain  that  it  is  carried  from  tree  by  a  beetle 
to  tree  by  a  hard-shelled  brown  beetle  a  little  less  than  a 
quarter  of  an  inch  in  length.  It  is  called  the  European 
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elm-bark  beetle.  The  adult  beetles  carry  spores  upon  their 
bodies  from  infected  trees  to  healthy  ones.  Whether  they 
have  any  closer  connection  with  the  disease  is  not  yet 
known.  The  only  way  to  prevent  their  rapid  spread  seems 
to  be  in  burning  all  trees  that  are  found  to  be  infected. 

Scarcely  a  generation  ago  boys  and  girls  who  lived  near 
the  country  spent  many  delightful  autumn  hours  gathering 
chestnuts  and  eating  them  or  perhaps  taking  them  home 
and  roasting  them.  But  a  modern  youth  looks  at  us  in 
astonishment  when  we  tell  him  about  chestnuts.  Eat  them  ? 

He  knows  only  horse-chestnuts!  Or  pos- 

The  chestnut-tree  .,  . 

blight  has  de-  sibly,  if  he  lives  m  the  larger  cities,  he 

stroyed  our  native  knows  the  huge  Italian  chestnuts  sold  at 
eating  chestnuts  .  ,  „  ,  ,  ■,  r™ 

sidewalk  peanut  stands.  These  are  im¬ 
ported.  Our  eating  chestnuts  have  nearly  vanished,  the 
victims  of  a  bark  fungus  brought  into  this  country  from 
northern  China. 

This  little  fungus  finds  a  foothold  on  the  inner  bark  of 
the  chestnut  tree  and  sends  out  rootlike  projections  in  all 
directions.  Upon  the  outer  bark  there  soon  appear  little  cups 
filled  with  spores.  These  spores  stick  to  the  feet  of  birds  and 
insects  and  may  be  carried  long  distances.  Other  spores  may 
be  carried  by  the  wind.  No  way  has  been  discovered  to  stop 
the  progress  of  the  chestnut-tree  blight.  Since  1904,  when 
it  was  first  discovered  in  a  park  in  New  York  City,  it  has 
spread  through  nearly  all  the  chestnut  trees  in  the  country. 
Even  more  recently,  in  the  summer  of  1934,  there  has  ap¬ 
peared  upon  the  horse  chestnuts  in  the  Eastern  states  a 
blight  of  some  sort  that  appears  to  be  killing  them  too. 


D.  How  do  we  control  Bacteria? 

A  chapter  on  undesirable  plants  would  certainly  be  in¬ 
complete  without  some  mention  of  bacteria.  You  know 
something  about  these  and  will  learn  more  later.  It  is 
true  that  only  a  few  kinds  of  bacteria  are  harmful,  and  it  is 
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true  that  you  will  study  these  organisms  at  much  greater 
length  at  a  later  time.  Nevertheless  they  are  in  some  im¬ 
portant  instances  our  most  undesirable  members  of  the 
plant  kingdom. 

A  bacterium  is  a  one-celled  plant  so  small  that  it  can  be 
seen  only  through  a  microscope.  It  belongs  to  the  fungi, 
so  it  cannot  manufacture  food.  Therefore  Some  bacteria 
bacteria  must  live  upon  other  organisms,  make  or  enrich  soil 
Some  kinds  of  bacteria  live  upon  dead  plants  or  animals, 
and  in  so  doing  cause  them  to  decay.  If  it  were  not  for 
such  bacteria,  the  world  would  be  covered  with  dead 
branches,  roots,  and  dead  bodies.  The  bacteria  use  these 
dead  things  for  food  and  in  the  process  make  their  chemical 
elements  again  ready  for  use  by  other  living  things.  Other 
bacteria,  using  nitrogen  from  the  air,  produce  nitrites  and 
nitrates  that  are  used  by  larger  plants.  Without  bacteria 
it  is  difficult  to  see  how  the  larger  plants  could  grow. 

Most  kinds  of  bacteria  are  neither  helpful  nor  harmful ; 
and  since  they  are  also  invisible,  they  are  of  little  concern 
to  us.  But  some  are  decidedly  harmful. 

T.  .  .  .  . ,  i •  . -i  •  Most  bacteria  are 

It  is  a  bacterium  that  causes  diphtheria,  neither  helpful  nor 

another  bacterium  that  causes  typhoid  |g“e 

fever,  and  still  another  that  causes  lock¬ 
jaw.  Two  or  three  different  kinds  of  bacteria  are  known 
which  cause  pneumonia,  while  still  smaller  organisms  are  sus¬ 
pected  in  the  cases  of  smallpox,  scarlet  fever,  and  influenza. 

Bacteria  are  unlike  the  larger  plants  in  many  respects. 
In  the  first  place,  they  produce  another  generation  simply 
by  dividing,  and  they  do  this  very  rapidly.  A  single  bac¬ 
terium  living  on  the  proper  food  and  at  proper  temperature 
may  have  multiplied  into  a  million  in  two  or  three  days. 

Bacteria  need  certain  conditions  in  order  to  grow  rap¬ 
idly.  One,  as  in  the  case  of  other  organisms,  is  food ;  a 
second  is  moisture ;  a  third  is  moderate  temperature.  But 
the  fourth  may  surprise  you;  it  is  darkness.  Sunlight 
destroys  bacteria. 
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Knowing  these  facts,  the  control  of  harmful  bacteria 
becomes  easier.  But  of  this  you  will  learn  more  in  a  later 
chapter. 


Undesirable  plants  are  weeds,  some  fungi,  and  some  bacteria. 
Weeds  are  plants  that  grow  where  they  are  not  wanted.  They 
are  especially  well  adapted  to  their  environment  usually  pro¬ 
ducing  many  seeds.  They  may  have  long  roots,  rosette  leaves, 
or  other  characteristics  that  fit  them  to  win  in  the  struggle  for 
existence.  We  control  them  by  understanding  their  habits  of 
living.  Fungi  live  upon  food  made  by  other  plants.  Some  have 
two  host  plants.  By  getting  rid  of  one  host  we  may  destroy  the 
fungi.  Most  bacteria  are  not  harmful.  A  few  are  especially 
dangerous.  These  too  are  controlled  by  understanding  their 
methods  of  living. 


Can  You  Answer  these  Questions? 

1.  What  is  a  weed? 

2.  Why  is  it  so  difficult  to  get  rid  of  the  dandelions  in  a  lawn  ? 

3.  What  are  some  of  the  ways  in  which  undesirable  weeds 
have  been  introduced  into  this  country? 

4.  Why  are  weeds  undesirable  on  a  lawn? 

5.  What  are  some  of  the  methods  by  which  weeds  may  be 
controlled  ? 

6.  Which  is  generally  the  more  favorable  for  weed  growth, 
alkaline  soil  or  acid  soil? 

7.  What  are  fungi? 

8.  State  the  difference  between  a  parasite  and  a  saprophyte. 

9.  What  is  meant  by  plant  rusts  and  blisters? 

10.  What  are  the  life  cycles  of  some  plant  diseases  such  as 
wheat  rust  or  white-pine  blister? 

11.  How  are  bacteria  like  fungi? 

12.  What  is  a  secondary  host? 

13.  What  damage  is  done  by  weeds  in  a  cultivated  field? 
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Questions  for  Discussion 

1.  Why,  if  weeds  produce  as  many  seeds  as  this  chapter  indi¬ 
cates,  is  not  the  world  overrun  with  weeds? 

2.  Are  weeds  of  any  use  at  all? 

3.  Is  the  government  justified,  in  order  to  protect  your  neigh¬ 
bors’  white-pine  trees,  in  destroying  currant  and  gooseberry 
bushes  on  your  property  when  you  are  perfectly  satisfied  to 
have  them  there  for  the  fruit  they  produce? 

4.  Why  do  you  think  that  weeds  often  grow  so  much  better 
than  cultivated  plants? 

5.  How  are  some  kinds  of  bacteria  helpful  to  man? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  collection  of  weeds  from  your  own  garden  or  school 
lawn.  Study  their  habits  and  explain  why  they  are  weeds.  Per¬ 
haps  you  would  rather  collect  the  seeds  from  some  common  weeds. 

2.  Are  there  any  plant  quarantine  laws  in  your  state?  Why 
were  they  set  up?  How  are  they  enforced?  To  what  extent 
have  they  saved  you  money?  Make  a  study  of  these  laws  and 
report  on  them  in  class. 

3.  Many  common  weeds  have  peculiar  names,  such  as  the 
loco  weed,  pokeweed,  dogbane,  and  nightshade.  See  if  you  can 
find  out  where  these  names  had  their  origin. 

4.  In  De  Kruif’s  Hunger  Fighters  you  will  find  that  Chapters  I 
and  II  deal  with  the  story  of  the  fight  for  a  rustproof  wheat. 
If  you  want  the  same  story  in  equally  interesting  form,  see  if 
your  library  has  Cannon’s  Red  Rust . 

5.  Make  a  study  of  some  fungus  growths  in  your  community. 
See  if  you  can  trace  the  life  cycle  of  some  common  forms. 

6.  Make  a  study  of  the  ways  in  which  the  seeds  of  ten  common 
weeds  of  your  community  are  spread. 

7.  Read  Lutz’s  book  The  Fly-Away s  and  Other  Seed  Travellers. 

8.  Spread  grass  seed  on  a  glass  plate  and  with  a  hand  lens  search 
for  seeds  that  are  not  grass.  How  do  you  think  they  got  there  ? 

9.  What  activities  directed  toward  control  of  fungus  diseases 
have  been  carried  on  in  your  community  during  the  past  five 
years  ? 


Chapter  IX  •  How  are  the  Activities  of  Insects 
related  to  the  Activities  of  Man? 

"The  War  of  the  Insects/'  "Will  Insects  starve  us  to 
Death?"  "Combating  Garden  Pests,"  "Parasite  destroys 
Jap  Beetle,"  "Civic  Groups  join  Forces  to  exterminate 

Mosquito . '  ’  Similar 
headlines  are  familiar 
in  all  our  newspapers 
and  magazines.  Do 
they  not  picture  our 
attitude  toward  the 
insect  world  ? 

Probably  you  have 
read  of  the  sacred 
scarab  beetle  of  Egypt 
(Fig.  93),  the  mantis 
that  is  worshiped  in 
India,  or  the  locusts 
that  are  caged  as  pets 
in  the  Orient.  Two 
other  insects,  the  silk¬ 
worm  and. the  honey¬ 
bee,  are  most  carefully 
protected.  Indeed  these  two  insects  might  very  properly 
be  described  as  domesticated  animals. 

Are  insects  useful  or  injurious?  What  is  the  truth  as 
to  the  place  of  insects  in  our  scheme  of  things?  It  is  cer¬ 
tain  that  we  do  not  feel  toward  insects  as  we  do  toward 
most  other  members  of  the  animal  world.  What  habits 
of  theirs  make  them  desirable  or  undesirable?  Let  us  see 
if  an  unobjectionable  insect  may  in  a  short  time  become 
most  undesirable. 

1  From  Linville,  Kelley,  and  Van  Cleave's  General  Zoology, 
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Fig.  93.  In  the  Past  Some  Insects,  Such  as  the 
Scarab  Beetle  of  Egypt,  have  been  consid¬ 
ered  Sacred1 

Do  you  know  why? 
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A.  What  Insects  are  Especially  Useful? 


An  insect  is  a  six-legged  animal  possessing  a  jointed  body 
and  a  hard  outer  skeleton.  Most  of  them  are  small  in 
comparison  to  the  higher  orders  in  the  animal  world. 
There  are  more  insects  than  all  other  members  of  the  ani¬ 
mal  world  put  together.  There  are  even  more  different 
kinds  of  insects  than  all  the  kinds  of  other  animals. 

Nearly  all  insects  pass  through  four  different  stages  in 
their  life  history,  beginning  with  an  egg  and  ending  with 
an  adult.  During  at  least  one  stage  they  are  tremendous 
eaters.  Since  many  of  them  live  upon  plants  that  we  need 
for  purposes  of  our  own,  we  class  them  as  pests  or  nuisances. 
A  few  insects,  however,  have  characteristics  that  make 
them  useful. 

Let  us  consider  the  silkworm,  which  since  ancient  times 
has  been  domesticated  in  the  Orient.  The  silkworm  hatches 
from  an  egg.  When  it  comes  out,  it  is  scarcely  larger  than 
this  letter  s.  It  is  one  of  about  a  hundred  caterpillars  that 
are  hatched  from  the  eggs  of  one  mother.  The  silkworm 
The  eggs  of  these  tiny  caterpillars,  com-  lives  on  mulberry 
monly  but  incorrectly  called  worms,  are  leaves 
laid  upon  the  leaves  of  a  mulberry  tree.  As  soon  as  the 
caterpillars  hatch,  they  begin  to  feed  upon  mulberry  leaves, 
and  eat  several  times  their  own  weight  each  day. 

Within  a  few  days  the  hard  outer  covering,  or  exoskele¬ 
ton,  of  the  tiny  creature  becomes  too  small  for  it,  and  the 
caterpillar  crawls  out,  leaving  its  skeleton,  or  "skin,”  be¬ 
hind.  It  has  another  skin  underneath,  however,  which 
hardens  as  soon  as  it  is  exposed  to  the  air.  The  caterpillar 
now  resumes  eating,  a  process  which  continues  until  again 
it  is  too  large  for  its  skin.  It  sheds  its  skin  four  or  five  times. 
Between  each  of  these  shedding  periods  it  eats  until  it  can 
hold  no  more. 

Finally,  when  the  caterpillar  is  about  an  inch  and  a  half 
long  and  not  quite  as  big  round  as  a  pencil,  it  stops  eating. 
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It  now  begins  to  spin  from  its  mouth  a  fine  cream-colored 
silk  thread.  This  it  wraps  round  and  round  its  body  until 
The  silkworm  it  is  completely  covered.  The  caterpillar 
spins  a  silken  inside  the  cocoon,  as  this  silk  covering  is 

cocoon  in  which  to  ,,  ,  .  . .  ,  .  ,  .  ,  .  . 

live  through  the  called,  now  sheds  its  last  skm,  which  you 
pupa  stage  may  find  inside  a  cocoon  if  you  open  one. 

The  queer,  quiet,  brown  thing  that  remains  under  the  last 
caterpillar  skin  is  called  a  pupa.  This  pupa  seems  to  have 
no  legs,  eyes,  or  mouth.  It  remains  within  the  cocoon  for 
about  two  weeks. 

At  the  end  of  this  time,  if  left  undisturbed,  the  cocoon 
begins  to  move,  to  roll  from  side  to  side.  From  one  end  a 
wet  insect  appears.  It  has  a  large  body  and  four  small,  soft, 
creamy  wings.  Clinging  to  a  leaf  or  other  object,  the  insect 
begins  exercising  its  wings.  By  the  end  of  half  an  hour 
they  are  dry  and  expanded.  You  recognize  a  rather  pretty 
white  moth,  not  as  pretty,  however,  as  our  own  larger  na¬ 
tive  moths.  You  have  thus  followed  the  silkworm  through 
four  stages  in  its  life  —  egg,  caterpillar  (or  larva),  pupa  (in 
the  cocoon),  and  adult  moth.  Some  of  these  stages  are 
shown  in  Fig.  94.  If  the  adult  moth  is  a  female,  she  soon 
lays  eggs  upon  more  mulberry  leaves.  The  life  cycle  is 
then  repeated.  Nor  does  she  fail  in  her  instinct  to  lay  her 
eggs  upon  mulberry  leaves,  for  this  is  the  only  kind  of  food 
that  her  young  offspring  will  eat. 

All  other  moths  and  butterflies  pass  through  these  same 
four  stages  in  their  life  history,  the  caterpillars  eating  many 
times  their  own  weight  of  their  particular  kind  of  food. 
Flies,  beetles,  bees,  and  wasps  pass  through  similar  stages. 
Insects  that  live  through  the  four  steps  of  egg,  larva,  pupa, 
and  adult  are  said  to  have  complete  metamorphosis. 
Metamorphosis  means  "change  in  shape.” 

But  let  us  see  how  man  interferes  in  the  life  of  the  silk¬ 
worm.  The  silk  cocoon  is  the  source  of  silk  thread  and  silk 
cloth.  When  it  is  spun  into  a  cocoon  by  the  caterpillar,  it 
is  all  in  one  long  thread;  but  after  the  moth  chews  its 
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Fig.  94.  Some  Insects,  such  as  the  Silkworm,  have  Characteristics  which 
make  them  Useful 

a,  the  egg  (enlarged) ;  b,  the  pupa  (in  the  cocoon) ;  c,  the  cocoon  after  the  moth 
has  come  out ;  d,  the  adult  moth.  Which  stage  of  metamorphosis  is  miss¬ 
ing  here? 

way  out,  the  thread  has  been  broken  at  every  turn.  Conse¬ 
quently  the  time  to  collect  the  silk  for  use  is  before  the 
moth  comes  out. 

Accordingly,  at  this  stage  attendants  who  have  cared 
carefully  for  the  caterpillars,  feeding  them  fresh  mulberry 
leaves  many  times  a  day,  collect  the  newly  made  cocoons 
and  plunge  them  into  boiling  water.  This  kills  the  pupae, 
and  the  silk  is  unwound  in  a  single  thread  (Fig.  95). 
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Although  silkworms  are  not  found  wild  today  in  any 
part  of  the  world,  it  is  certain  that  they  had  their  origin 
somewhere  in  the  Orient.  They  were  introduced  into 
Europe  during  the  Middle  Ages,  and  the  silkworm  industry 
became  an  important  one  in  France.  During  the  nineteenth 
century  attempts  were  made  to  raise  silkworms  in  several 

parts  of  the  United 
States,  and  mulberry 
trees  were  planted  in 
large  numbers.  But 
the  industry  did  not 
flourish.  Although 
both  the  mulberry 
trees  and  the  worms 
seemed  well  enough 
adapted  to  the  new 
environment,  our  peo¬ 
ple  were  unwilling  to 
work  for  the  small 
profits  made  by  silk¬ 
worm  attendants  in 
Franceand  the  Orient. 

The  honeybee  is 
another  insect  that  is 
useful  to  man.  It  is 
important  because  of  the  honey  that  it  produces  and  also 
because  of  its  part  in  the  fertilization  of  many  flowers. 

The  honeybee  You  ^n0W  ^0W  bees  carry  pollen  from 
makes  honey  and  flower  to  flower,  thus  aiding  unconsciously 
manyfflowersS  cross-P°llinating  and  cross-fertilizing 

Both  character-  them.  The  bees,  along  with  other  insects, 
istics  are  desirable  pjay  a  parf-  Jn  producing  apples,  peas, 

beans,  and  other  food  products,  but  our  concern  here  is 
with  bees  as  makers  of  honey. 

Honey  is  a  substance  made  by  worker  bees  from  the 
nectar  of  flowers.  Nectar  itself  is  the  sweet  liquid  contained 


i)  Monotuck  Silk  Company 

Fig.  95.  The  Normal  Life  Cycle  of  the  Silk¬ 
worm  must  be  interrupted  if  Silk  is  to  be 
Secured 

The  picture  shows  a  machine  unwinding 
the  cocoon 
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Stomach  moutfi 


Tongue 


Fig.  96.  Honey  is  produced  as  Nectar  is  sucked  into  the  Stomach,  or  Crop, 
of  the  Worker  Bee  and  partly  digested  There 


in  flowers,  especially  in  buckwheat,  clover,  alfalfa,  mustard, 
orange  blossoms,  and  palms.  Nectar  is  sucked  into  the 
honey  sac,  or  crop,  of  the  worker  bee  and  partially  digested 
there.  Perhaps  Fig.  96  will  help  you  to  understand  the 
process.  Honey  is  made  from  nectar  in  the  honey  sac. 
Enough  passes  into  the  true  stomach  to  supply  her  need 
for  food.  The  worker  then  disgorges,  or  gives  up  again,  the 
part  she  does  not  need  for  her  own  food.  This  honey  is 
food  for  the  queen  bee  and  for  the  young  bees,  or  larvae. 
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But  we  must  describe  the  work  and  the  occupants  of  the 
beehive ;  for  bees,  as  you  know,  live  in  colonies,  dividing 
duties  among  themselves.  Most  important  is  the  queen  bee. 
All  the  activities  of  the  hive  center  about  her,  for  she  is 
the  mother  of  all  the  other  members.  Her  sole  business  in 
life  is  to  lay  eggs,  and  during  the  height  of  the  honey¬ 
making  season  she  may  lay  as  many  as  ten  thousand  in  one 
day.  A  hive  may  contain  twenty-five  thousand  adult  mem¬ 
bers  at  one  time  or  even  many  more  when  beekeepers  in¬ 
terfere  with  nature.  A  few  members  of  the  hive  are  adult 
males,  or  drones.  There  is  one  queen.  The  rest  of  the 
colony  is  made  up  of  worker  bees.  These  workers  are 
females  but  smaller  than  the  queen  and  incapable  of  laying 
eggs.  They  are  believed  to  be  unlike  the  queen  only  because 
they  were  fed  upon  different  food  when  young.  The  workers 
are  assigned  to  various  tasks  within  the  hive.  Some  are 
nurses  who  feed  and  care  for  the  young.  Others  patrol  the 
entrance  in  order  to  keep  out  intruders.  Still  others  clean 
and  ventilate  the  hive.  Many  of  them  spend  their  lives 
gathering  nectar  and  pollen.  While  a  queen  may  live  to  be 
three  or  four  years  old,  the  workers  are  worn  out  and  die 
within  four  or  five  weeks  in  summer. 

Within  the  hive  is  the  comb  —  many  cells  of  beeswax 
built  in  layers,  one  upon  the  other,  as  shown  in  Fig.  97.  The 
queen  lays  eggs,  one  egg  to  a  cell.  In  other  cells,  workers 
store  food  —  pollen,  or  beebread,  for  the  youngest  grubs, 
as  bees  are  called  in  the  larva  stage,  and  honey  for  the 
older  ones.  The  wax  itself  is  a  substance  that  is  discharged 
from  glands  in  the  bodies  of  the  workers.  This  wax  may 
be  used  again  and  again  by  several  generations  of  bees. 

The  cells  in  which  the  queen  lays  her  eggs  are  always 
near  the  bottom  of  the  hive,  while  food  is  stored  in  the 
upper  stories.  Because  of  this  fact  man  has  found  it  pos¬ 
sible  to  take  honey  from  the  bees  and  use  it  for  himself 
without  disturbing  grubs  and  young  bees. 

Honey  was  the  only  sugar,  except  that  in  ripe  fruits, 
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Fig.  97.  Honeycomb  is  Many  Cells  made  of  Beeswax 
Honey  is  stored  in  the  cells  for  future  use 

which  was  known  in  Europe  before  the  sixteenth  century. 
The  American  Indians  had  maple  sugar  and  cactus  sugar. 
The  people  of  the  Orient  had  cane  sugar,  but  the  Europeans 
had  only  honey.  Many  are  the  references  to  honey  and 
praises  of  it  in  ancient  and  medieval  literature. 

Chemically,  honey  consists  of  three  different  sugars  — 
sucrose,  dextrose,  and  levulose.  In  addition  there  are  small 
amounts  of  mineral  substances  and  sweet  oils.  A  mixture  of 
dextrose  and  levulose  is  commonly  called  glucose. 

Until  recently,  when  a  man  found  a  hollow  tree  in  which 
there  was  a  swarm  of  honeybees,  he  marked  it  with  his 
initials.  Later,  at  his  own  convenience,  he  went  back  and 
"smoked  out”  the  bees.  In  this  process  a  fire  was  built 
beneath  the  nest  so  that  smoke  from  the  fire  either  killed 
the  bees  or  caused  them  to  fly  away.  The  finder  then  took 
the  honey  from  the  hive.  Obviously  such  a  method  was 
destructive  and  wasteful. 

A  modern  beekeeper  provides  boxes  for  the  bees  instead 
of  the  hollow  trees  used  by  wild  bees.  He  provides  upper 
layers  that  can  be  removed  easily.  He  thus  takes  advantage 
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Fig.  98.  A  Modern  Beekeeper  provides  Boxes  for  the  Bees,  in  which  they 
can  build  their  Comb  and  deposit  Honey 


of  the  bees  by  removing  some  of  the  honey  that  they  have 
made  for  their  own  use,  but  he  does  not  kill  the  bees.  And 
he  is  careful  not  to  remove  all  the  honey,  for  he  knows  that 
they  need  some  of  it.  Some  modern  hives  are  shown  in  Fig.  98. 

We  have  given  you  full  descriptions  of  the  silkworm  and 
the  honeybee  in  order  to  show  how  man  has  benefited  by 
taking  advantage  of  certain  natural  characteristics  of  in¬ 
sects.  Because  a  caterpillar  spins  a  warm  cocoon  for  itself, 
man  has  silk.  Because  a  colony  of  worker  bees  must  provide 
carbohydrate  food  for  young  grubs,  man  has  honey. 

Nor  are  these  the  only  insects  that  are  useful  to  us. 
There  are  many  insects  which  feed  upon  other  insects  that 
o  damage  crops  and  gardens.  There  is,  for 

Some  insects  are  .  . .  n 

useful  because  they  instance,  the  common  ladybug,  or  lady- 

otherTnsects °n  bird  beetle.  This  little  red  beetle  with  the 
black  spots  never  eats  plants.  Its  diet  is 
composed  almost  exclusively  of  aphids  and  scale  insects. 
Therefore,  if  you  should  find  your  house  plants  or  tender 
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garden  plants  covered  with  plant  lice,  one  of  the  best 
ways  to  get  rid  of  them  would  be  to  get  a  supply  of  lady- 
bugs  to  eat  them.  Nor  would  this  be  difficult,  for  ladybird 
beetles  are  raised  and  sold  for  that  very  purpose.  If  the 
ladybug  is  not  already  familiar  to  you,  you  should  learn 
right  now  to  recognize  it  (Fig.  99).  Probably  it  is  common 
in  your  own  garden. 

The  dragon  fly,  or  "devil's  darning  needle/'  has  gained 
a  bad  reputation  among  boys  and  girls  who  have  been  told 
that  it  will  sew  up 
their  mouths.  Cer¬ 
tainly  in  this  case 
reputation  and  true 
character  are  directly 
opposite.  The  dragon 
fly  is  a  "dragon" 
only  in  its  dealings 
with  mosquitoes,  and 
it  could  not  possibly 
sew  anything. 

The  young  dragon 
fly  hatches  from  an 
egg  laid  on  pond  or 
swamp  vegetation.  It  develops  into  a  fierce-looking  in¬ 
sect  with  big  head  and  strong  legs  but  no  wings.  And 
indeed  it  is  fierce  in  its  attacks  upon  mosquito  larvae  or 
other  small  water  creatures.  After  a  few  weeks  the  young 
"dragon"  has  eaten  enough.  It  crawls  up  out  of  the  water 
and  rests  itself  on  a  stem  of  grass.  Soon  its  shell,  or  skin 
(exoskeleton),  splits  near  the  head.  The  insect  crawls  out. 
See  its  beautiful  wings  and  long  slender  body.  It  is  now  an 
adult ;  the  rest  of  its  life  is  spent  in  the  air,  darting  about  in 
search  of  insects  that  it  may  eat.  The  dragon  fly,  you  see, 
is  helpful  rather  than  harmful,  in  so  far  as  man  is  concerned. 

You  should  notice  that  the  life  cycle  of  the  dragon  fly 
includes  only  three  stages:  (1)  egg;  (2)  young  without 


Fig.  99.  Some  Insects,  such  as  the  Ladybug, 
are  Useful  because  they  Prey  on  Other 
Insects 

a,  larva ;  b,  pupa ;  c,  adult 
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Fig.  100.  The  Dragon  Fly  is  an  Insect  which  is  said  to  have  Incomplete 
Metamorphosis 

A,  coming  out  from  pupa  case ;  B,  adult.  Which  stage  is  missing? 


wings,  or  nymph ;  (3)  adult.  Two  of  these  are  shown 
in  Fig.  100.  Grasshoppers,  damsel  flies,  locusts,  walk¬ 
ing  sticks,  mantes,  and  a  few  others  pass  through  three 
similar  stages.  These  insects  are  said  to  have  incomplete 
metamorphosis. 

Another  insect  that  is  especially  useful  is  the  praying 
mantis.  This  is  not  a  native  insect,  but  is  believed  to  have 
been  introduced  with  a  shipment  of  Chinese  nursery  stock 
near  Philadelphia  at  about  the  end  of  the  nineteenth 
century.  The  mantis,  as  you  may  know,  is  a  creature 
between  three  and  four  inches  long.  It  is  brilliant  green, 
the  color  of  young  leaves,  with  green  or  brown  wings.  It 
looks  something  like  an  overgrown  grasshopper.  Its  value 
lies  in  the  fact  that  it  eats  other  insects,  especially  grass¬ 
hoppers,  beetles,  and  flies.  It  catches  these  with  its  front 
feet,  or  claws,  holding  them  securely  while  it  eats  them. 

Mantis  eggs  are  found  in  frothy  clusters  stuck  to  a  twig 
or  weed  stem.  More  than  a  hundred  young  may  come  from 
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a  single  cluster,  or  egg  mass.  Because  the  praying  mantis 
has  aided  so  greatly  in  the  battle  with  beetles  and  other 
insects,  persons  in  the  areas  where  mantes  are  plentiful 
have  collected  egg  masses  and  sent  them  to  other  localities 
to  aid  in  keeping  destructive  insects  in  check. 

Among  the  insects  that  are  useful  because  they  destroy 
other  insects  come  that  large  group  known  as  parasites. 
Some  parasites  lay  their  eggs  in  such  a  way  that  other 
insects  become  their  hosts  or  their  victims.  Fig  101  shows 
a  picture  of  a  tomato 
worm.  It  is  the  cat¬ 
erpillar  of  the  large 
gray  hawk  moth  and 
is  ready  to  pupate, 
or  make  its  cocoon. 

This  should  be  made 
underground  in  the 
soft  soil,  but  the  cat¬ 
erpillar  seems  to  lack 
energy.  It  is  not  dead, 
for  it  still  moves.  All 
over  its  back  you  may  see  tiny  white  cocoons,  perhaps  a 
quarter  of  an  inch  long.  Soon  the  caterpillar  will  die. 

The  explanation?  A  small  fly  belonging  to  the  group 
called  ichneumon  flies  laid  her  eggs  a  week  ago  beneath  the 
skin  of  this  fine  large  caterpillar.  The  eggs  hatched,  and 
the  larvae  fed  upon  the  flesh  of  their  host.  Now  the  larvae, 
having  eaten  their  fill,  have  made  their  cocoons.  Soon  they 
will  appear  as  flies,  and  some  of  them  will  lay  eggs  from  which 
will  come  larvae  that  will  destroy  other  caterpillars.  Other 
varieties  of  ichneumon  flies  lay  their  eggs  in  other  kinds  of 
caterpillars  and  beetle  grubs.  Indeed  there  are  very  few 
insects  that  do  not  have  parasites  of  some  kind.  Of  course 
there  are  other  insects,  such  as  fleas  and  lice,  that  live 
upon  people  or  domestic  animals,  and  these  are  decidedly 
harmful. 


Fig.  101.  Some  Insects  lay  their  Eggs  in  such 
a  Way  that  Other  Insects  become  their  Hosts 
or  their  Victims 

A  tomato  worm  covered  with  the  larvae 
of  the  ichneumon  fly 
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A  second  type  of  intruder  is  found  among  the  ants.  Ants, 
as  you  know,  live  in  communities  in  many  ways  similar  to 
the  bees,  and  hoard  large  stores  of  food.  If  you  should  dig 
into  an  ant  hill,  you  might  find  that  it  contained  two  or 
three  kinds  of  ants  and  perhaps  a  large  red  beetle  or  two. 
The  red  beetles  are  fed  by  the  worker  ants,  even  to  the 
neglect  of  their  rightful  charges.  But  so  far  as  anyone  has 
been  able  to  discover,  the  beetles  do  nothing  at  all  for  the 
ants.  There  may  also  be  some  very  small  ants  that  have 
tunneled  into  the  hill  to  steal  food.  These  too  are  intruders. 
It  may  even  be  that  the  queen  herself  does  not  belong  to 
this  colony,  but  has  killed  the  rightful  ruler  and  induced 
the  workers  to  care  for  her  own  offspring.  These  various 
invaders  help  to  keep  in  check  the  always  too  numerous 
ant  population. 

A  method  of  control  of  harmful  insects  is  suggested  in 
this  study  of  useful  insects ;  and  although  we  have  not  yet 
discussed  the  harmful  ones,  you  will  understand  the  mean¬ 
ing  of  the  following  statement  made  by  the  chief  of  the 
United  States  Bureau  of  Entomology : 

One  way  to  combat  insect  pests  which  have  been  introduced 
accidentally  into  the  United  States  from  abroad,  is  to  introduce 
deliberately  the  parasites  and  predators  that  keep  these  insects 
from  becoming  major  pests  in  the  country  of  their  origin. 

B.  What  are  Some  Especially  Harmful  Insects? 

It  depends  a  good  deal  upon  which  section  of  our  coun¬ 
try  you  live  in  and  during  what  particular  year  you  read 
this  book  as  to  which  special  insect  you  would  describe  as 
the  most  dangerous  public  enemy.  Grasshoppers,  Euro¬ 
pean  corn-borers,  Japanese  beetles,  Colorado  potato  beetles, 
cotton-boll  weevils,  Mexican  bean  beetles,  chinch  bugs, 
house  flies,  mosquitoes,  gypsy  moths,  tent  caterpillars, 
measuring  worms,  cockroaches,  ants,  —  any  of  them  are 
bad  enough,  and  there  are  many  others.  There  may  be  a 
new  one  next  year. 
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All  these  harmful  insects  have  habits  we  do  not  like. 
They  eat  the  leaves  or  fruit  of  our  trees,  they  destroy  our 
garden  vegetables,  or  they  live  in  filth 
(dirt  and  impure  matter)  and  carry  dis-  are  those  having 
ease.  According  to  L.  0.  Howard,  one  of  babits  .tbat  inter- 

,  .  .  J  ..T  J  fere  with  ours 

our  leading  students  of  insects :  Insects 
are  man's  chief  rivals  for  the  possession  of  the  earth.  They 
are  damaging  us  more  today  than  at  any  time  since  civi¬ 
lization  began."  Most  of  the  insects  that  are  causing 
serious  trouble  today  have  been  brought  into  the  country, 
usually  unintentionally,  without  their  natural  enemies. 
They  have  spread  rapidly  because  there  were  no  parasites 
to  kill  them. 

The  story  of  the  gypsy  moth  (Fig.  102)  is  now  almost  a 
classic.  In  1869  in  Medford,  Massachusetts,  a  French  as¬ 
tronomer  was  experimenting  with  silk-  The  gypgy  moth 
worms  as  a  hobby.  He  was  trying  to  cross-  was  introduced  by 
breed  silkworms  with  some  little  imported  accident 
brown  moths  in  order  to  produce  a  variety  immune  to 
certain  diseases  prevalent  in  France.  A  box  of  insect  eggs 
rested  on  a  window  sill.  The  window  was  open,  and,  ac¬ 
cording  to  the  story,  it  took  but  one  sudden  gust  of  wind 
to  scatter  the  eggs  beyond  recovery. 

Nothing  happened  for  a  while.  For  nearly  ten  years 
there  were  not  enough  of  these  new  insects  to  cause  much 
damage.  They  passed  unnoticed.  Then  quantities  of 
caterpillars  appeared.  They  cleaned  the  trees  of  leaves  for 
miles  around.  Within  a  dozen  years  they  had  spread 
through  New  England.  It  was  especially  bad  because  the 
caterpillars  were  not  fussy  in  their  choice  of  food.  Nearly 
all  trees  were  acceptable.  Now  seven  hundred  thousand 
dollars  are  spent  each  year  from  state  and  Federal  funds 
to  stop  the  advance  of  this  one  insect.  Spraying  the  trees 
with  poisons  and  introducing  parasites,  as  well  as  passing 
quarantine  laws  to  prevent  the  transportation  of  unin¬ 
spected  nursery  stock,  have  helped  in  the  control. 
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Fig.  102.  The  Gypsy  Moth  has  become  one  of  our  Especially 
Harmful  Insects 

a,  egg  cluster ;  6,  single  egg,  enlarged ;  c,  larva,  or  caterpillar ;  d,  male  pupa ; 
e,  female  pupa ;  /,  female  moth ;  g,  male  moth 

The  Colorado  potato  beetle  came  east  as  our  pioneer 
ancestors  went  west.  Formerly  it  had  lived  inoffensively 
The  native  Colo-  and  unnoticed  upon  the  wild-potato  vines 
rado  potato  beetle  of  Colorado.  Since  there  was  never  much 

spread  when  a  new  «  ,  , .  .  , ,  ^  , 

source  of  food  food,  there  were  never  many  beetles.  But 
appeared  when  white  settlers  arrived  in  Colorado 

with  their  cultivated  potatoes,  the  beetles  increased  a  thou¬ 
sandfold.  And  they  spread  eastward,  for  there  were  potato 
fields  all  the  way  back  east,  clear  to  the  Atlantic  Ocean. 
They  appeared  in  New  England  about  1875.  Now  in  this 
country,  each  year,  thousands  of  farmer  boys  "pick  potato 
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United  States  Department  of  Agriculture 


Fig.  103.  The  Life  Cycle  of  the  Japanese  Beetle  shows  Complete 
Metamorphosis 


bugs”  or  poison  them  with  arsenate  of  lead  and  paris  green. 
We  share  each  potato  harvest  with  our  unwelcome  guests. 

More  recently  the  Japanese  beetle  was  introduced  in  a 
shipment  of  iris  roots  from  Japan.  It  was  discovered  and 
identified  by  a  government  inspector  in  1916  near  Riverton, 
New  Jersey.  In  1917  the  beetles  were  numerous  enough  to 
be  destructive;  and  it  was  learned  that  while  the  larvae 
feed  upon  grass  roots,  destroying  lawns  and  fields,  the  adult 
beetles  eat  nearly  any  kind  of  plant.  Five  years  later  the 
insects  had  spread  across  the  Delaware  River,  were  serious 
pests  in  the  Philadelphia  area,  and  were  found  on  nearly  all 
the  farms  in  southern  New  Jersey.  Their  range  covered  a 
thousand  square  miles.  Fifteen  years  later,  in  1932,  they 
had  spread  three  hundred  miles  from  the  place  of  discovery. 

It  is  very  possible  that  the  beetle  is  now  being  held  in 
check.  At  least  half  a  dozen  parasites  have  been  introduced 
and  appear  to  be  successful.  Special  poi-  ^  ^ 
sons,  mixed  with  an  oil  very  attractive  to  beetleTs^very  de« 
the  beetles,  have  been  tried  out.  Even  the  structive  new- 
week-end  automobilist,  who  seems  to  en¬ 
joy  nothing  more  than  to  fill  his  car  with  shrubs  or  fruits 
and  vegetables  from  the  country,  has  learned  by  bitter 
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experience  that  it  pays 
to  be  sure  there  are  no 
beetles  in  his  baggage. 

Fig.  103  shows 
clearly  the  life  cycle  of 
the  Japanese  beetle; 
Fig.  104  shows  one  of 
its  most  effective  ene¬ 
mies.  Two  other 
beetles  common  in  the 
same  localities  and  al¬ 
most  equally  destruc¬ 
tive  are  the  Asiatic 
beetle  and  the  Asiatic 
garden  beetle.  Both 
came  from  Asia.  Their  larvae  eat  grass  roots.  The  adult 
Asiatic  beetle  feeds  on 
flowers,  especially  holly¬ 
hocks  and  roses.  The 
adult  Asiatic  garden  bee¬ 
tle,  less  well  known  be¬ 
cause  of  its  night  habits, 
burrows  in  the  ground 
during  the  daytime,  but 
eats  the  foliage  of  many 
garden  plants  at  night. 

Control  lies  in  poisoning 
the  grubs  in  the  ground 
with  arsenate  of  lead  and 
in  finding  effective  para¬ 
sites. 

The  chinch  bug  is  one 
of  the  most  destructive  of 
the  insect  pests  in  the  sec¬ 
tion  of  the  United  States 
where  wheat  and  corn  are 


Fig.  105.  The  Chinch  Bug,  while  one 
of  the  Most  Destructive  of  the  Insect 
Pests,  can  be  Controlled 

Read  your  text  again  to  see  the  meaning 
of  this  picture 


Fig.  104.  The  Japanese  Beetle  has  Some 
Effective  Enemies 

This  picture  shows  a  parasitic  fly  laying  eggs 
on  a  Japanese  beetle  (enlarged  about  two  times) 
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grown.  Its  life  cycle  is  such  that  it  lives  in  an  immature  form 
through  part  of  the  season  during  which  wheat  is  growing 
and  arrives  at  the  mature  form  at  about  the  time  that  the 
wheat  crop  is  ripe.  When  the  wheat  is  ripe,  the  corn  is  in  a 
vigorous  state  of  early  growth.  The  immature  insects  feed 
upon  the  wheat ;  and  after  the  wheat  is  ripened,  they  mi¬ 
grate  to  the  fields  of  corn.  Advantage  is  taken  of  this  fact 
in  controlling  these  pests.  Fig.  105 
shows  one  of  the  measures  that 
are  taken.  With  the  plow  a  trench 
is  run  entirely  around  the  field. 

On  one  edge  of  the  trench  is  a 
line  of  creosote,  which  you  may 
recognize  as  road-dressing  tar. 

The  crawling  bugs  will  not  cross 
this  line  of  creosote.  It  serves  as 
an  effective  blockade,  preventing 
their  entrance  to  the  cornfield. 

When  these  pests  are  bad,  the 
trench  along  which  the  man  is 
walking  will  contain  an  enormous 
number  of  them.  Since  they  will 
not  cross  the  creosote,  they  will  be 
moving  in  a  direction  parallel  to 
the  line.  At  intervals  along  the 
trench,  as  shown  in  the  figure,  holes  are  dug  with  a  post¬ 
digger.  The  insects  collect  in  these  holes  and  are  destroyed. 
As  the  insects  reach  the  adult  stage  they  develop  wings, 
and  then  the  creosote  no  longer  serves  as  a  protection. 
They  may  be  extremely  destructive  to  both  wheat  and 
corn  as  well  as  to  some  other  crops. 

The  European  corn-borer,  a  moth  that  flies  only  by  night, 
came  into  this  country  unsuspected  and  ruined  cornfields 
all  over  New  England  before  farmers  were  aware  of  its 
presence.  The  caterpillar  that  does  the  damage  lives  not 
upon  the  leaves  but  inside  the  stem  of  the  cornstalk,  often 


Fig.  106.  The  European  Corn- 
borer  can  do  Tremendous 
Damage 
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moving  upward  into  the  cobs.  Thus  it  leaves  only  a  shell 
of  a  plant  with  sickly  stalks  and  little  or  no  corn  (Fig. 106). 
Government  agencies  are  working  to  prevent  the  spread  of 
the  borer  into  the  Western  corn  belt. 

It  would  be  possible  of  course  to  go  on  for  pages,  telling 
you  how  insect  pests  have  spread  and  what  damage  they 
have  done.  Three  general  rules  for  the  control  of  insect 
pests  might  be  given  in  summary : 

1.  Keep  your  environment  clean.  Destroy  rubbish  in  which 
insects  may  live  through  the  winter. 

2.  If  you  discover  a  new  pest,  act  promptly  before  it  is  too  late. 
Find  out  what  it  is.  Learn  its  habits.  Then  decide  how  best  to 
destroy  it. 

3.  Observe  quarantine  laws  having  to  do  with  transportation 
of  plants  or  soil  that  might  contain  insects.  In  a  new  section, 
where  it  has  no  parasites,  an  insect  may  be  a  worse  pest  than  in 
its  native  habitat. 


Insects  may  be  helpful  or  harmful,  depending  upon  whether 
their  life  habits  interfere  with  ours.  Honeybees  and  silk¬ 
worms  are  especially  valuable.  Parasites  upon  other  insects 
hold  them  in  check.  Pests  break  out,  owing  to  a  disturbance 
in  the  natural  balance.  An  insect  becomes  a  pest  when  natural 
controls  fail  to  hold  it  in  check.  For  this  reason  insects  im¬ 
ported  from  other  countries  are  especially  dangerous. 


Can  You  Answer  these  Questions? 

1.  What  characteristics  of  insects  make  many  of  them  harmful? 

2.  When  does  an  insect  become  a  pest? 

3.  Can  you  trace  the  life  cycle  of  the  silkworm? 

4.  What  is  the  difference  between  complete  metamorphosis 
and  incomplete  metamorphosis? 

5.  How  does  the  sugar  in  honey  differ  from  cane  sugar  ? 

6.  Give  examples  of  insects  which  live  as  parasites. 

7.  What  factors  should  be  considered  in  control  of  pests  ? 


The  Activities  of  Insects 
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Questions  for  Discussion 

1.  What  are  five  insect  pests  in  your  own  community? 

2.  Have  any  insects  been  pests  in  your  community  and  then 
later  disappeared?  Do  you  know  why  this  happened? 

3.  Has  the  automobile  helped  or  hindered  in  the  control  of 
insect  pests  ? 

4.  Should  you  say  that  the  production  of  artificial  materials 
such  as  rayon  has  helped  or  hindered  mankind? 

5.  It  has  been  said  that  the  beehive  is  a  good  example  of 
organized  industry.  Should  you  agree  with  this? 

6.  Why  does  not  honey  play  as  important  a  part  in  the  diet 
of  man  today  as  it  did  in  the  past? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  an  insect  collection  for  your  school  museum.  Kill 
the  insects  with  gasoline  on  cotton  in  a  closed  jar. 

2.  If  you  like  to  work  with  big  numbers,  you  might  figure 
out  how  many  flies  (or  other  insects)  are  produced  from  a  single 
pair  in  a  year  or  two. 

3.  Read  Maeterlinck’s  Life  of  the  Bee  and  Fabre’s  Insect 
Adventures . 

4.  Keep  some  insects  in  your  classroom  and  watch  them  as 
they  pass  through  various  stages  in  their  life  history. 

5.  Make  a  special  study  of  the  life  history  of  some  one  in¬ 
sect  in  which  you  are  interested. 

6.  Make  a  chart  of  the  common  insects  in  your  locality,  indi¬ 
cating  their  characteristics  as  to  color,  size,  appearance,  length  of 
season,  and  such  other  things  as  you  think  might  be  of  value. 

7.  Collect  cocoons  of  native  silk  moths.  Keep  them  in  a 
cool  place  outside  the  classroom  and  where  they  will  be  safe 
from  mice.  In  the  spring  bring  them  in  and  watch  the  moths 
come  out  of  the  cocoons. 

8.  Make  a  list  of  six  insects  in  your  community  which  live 
through  the  winter  in  their  adult  stage  ;  in  the  pupal  stage. 


Rittase 

Fig.  107.  Man’s  Progress  in  the  Use  of  Materials  has  changed  his 
Ways  of  Living  and  Working 
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How  has  Man  learned  to  use  the  Materials  of 
his  Environment? 
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Chapter  X  •  What  has  Man  learned  about  the  Use  of  Mate¬ 
rials  as  he  has  progressed  from  the  Stone  Age  to  the  Age 
of  Power? 

Chapter  XI  •  What  is  the  Origin  of  Iron,  and  How  is  it  made 
into  Steel? 

Chapter  XII  •  What  determines  the  Usefulness  of  Metals? 

Chapter  XIII  •  What  are  the  Uses  of  Metals  Other  than  Iron? 

Chapter  XIV  •  What  Materials  Other  than  Metals  are  used  in 
this  Age  of  Iron  and  Power? 


V V  THAT  are  some  of  the  physical  characteristics  of  our 
W  modern  civilization?  Think  for  a  minute.  Skyscrapers 
and  automobiles?  The  radio,  the  telephone,  the  telegraph? 
Newspapers?  Motion  pictures?  Streamline  railroad  trains? 
The  airplane?  Yes,  surely  all  of  these.  You  could  easily  add 
many  more. 

But  what  has  brought  about  these  things?  An  increasing 
demand  for  speed  and  comfort?  The  needs  of  a  more  closely 
knit  civilization  which  makes  it  necessary  for  people  to  know 
within  a  few  minutes  and  not  days  or  weeks  what  the  rest  of 
the  world  is  doing?  The  attempts  of  man  constantly  to  im¬ 
prove  himself  and  his  ways  of  doing  things?  Yes,  again,  all 
these  and  many  others,  one  of  which  we  should  like  to  talk 
about  just  a  little  since  it  is  the  story  of  this  unit. 

What  is  a  skyscraper  built  of?  an  automobile?  a  radio 
set?  a  telephone?  They  are  made  of  materials  taken  from 
the  crust  of  the  earth.  The  fine  building,  the  powerful  engine, 
the  beautiful  and  finely  adjusted  watch, — all  are  made  from 
materials  that  were  once  rock.  The  character  of  our  civiliza¬ 
tion  today  is  determined  in  large  part  by  the  extent  of  man's 
ability  to  use  the  materials  of  his  environment. 

In  fact,  as  we  shall  try  to  show  you,  the  story  of  man’s  prog¬ 
ress  through  the  ages  is  a  story  of  his  growth  in  ability  to  use 
materials.  What  do  we  mean?  Early  primitive  man  worked 
chiefly  with  one  material,  stone.  Later  men  found  use  for  a 
few  metals.  Within  the  last  few  hundred  years,  iron  and  steel 
came  within  the  control  of  man.  With  this  increased  control 
have  come  many  changes  in  human  culture.  Today  man  has 
gained  and  is  gaining  increased  control  over  more  and  more 
materials.  His  progress  is  revealed  by  such  characteristics  as 
those  mentioned  in  the  first  paragraph. 

How  has  this  control  been  achieved?  What  part  has  sci¬ 
ence  played?  What  are  the  future  possibilities?  Answers  to 
these  questions  are  a  part  of  the  story  told  in  this  unit. 


Chapter  X  •  What  has  Man  learned  about  the 
Use  of  Materials  as  he  has  progressed  from  the 
Stone  Age  to  the  Age  of  Power? 


A.  How  may  we  learn  the  Story  of  Man’s  Progress  in  the 
Control  and  Use  of  Matter  ? 

The  written  record  of  human  activity  goes  back  only  a 
little  way  into  the  total  history  of  man.  Man  has  been  on 
earth  for  possibly  a  million  years,  yet  The  written  history 
there  is  a  written  record  of  only  the  last  of  man  is  short 
six  thousand  years.  In  spite  of  this,  much  is  known  of 
man's  early  history.  We  shall  limit  ourselves  here  to  con¬ 
sidering  what  has  been  learned  of  man's  progress  in  the  use 
of  those  materials  which  form  a  part  of  his  environment. 

Let  us  study  two  contrasting  situations.  Imagine,  first 
of  all,  that  we  have  gathered  in  one  place  masses  of  the  raw 
materials  which  go  into  the  making  of  an 
automobile.  There  is  a  pile  of  iron  ore. 

One  is  shown  in  Fig.  108  together  with 
the  mine  from  which  it  was  taken.  There 
also  quantities  of  other  materials : 


The  knowledge  of 
modern  man  is  an 
accumulation  of 
knowledge 
gathered  through 
the  ages 


are 

charcoal,  aluminum,  raw  rubber,  and  tin.  Now  for  our 
first  situation  imagine  a  group  of  modern,  highly  trained 
engineers  faced  with  the  problem  of  changing  these  raw 
materials  into  an  up-to-date  motor  car.  Can  they  do  it? 
You  of  course  know  the  answer,  for  you  see  the  modern 
motor  car  every  day.  These  engineers  can  draw  upon 
knowledge  gathered  through  centuries  and  can  produce  a 
highly  refined  piece  of  machinery. 

Now  consider  the  second  situation.  Replace  the  modern 
engineers  with  a  group  of  men  from  the  far  distant  past. 
What  can  they  do  with  this  mass  of  raw  material?  Ob¬ 
viously,  very  little,  if  anything.  They  do  not  have  the 
knowledge  that  we  have  today.  The  contrast  will  be  even 
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Fig.  108.  Large  Quantities  of  Iron  Ore  (above),  shipped  from  Mines  Simi¬ 
lar  to  the  Lower  Picture,  help  to  furnish  the  Raw  Materials  of  our  Indus¬ 
trial  Civilization 

sharper  if  you  imagine  primitive  man  in  a  factory  such  as 
that  shown  in  Fig.  109.  These  contrasting  situations  illus¬ 
trate  the  growth  in  man's  ability  to  use  the  materials  of 
his  environment. 

The  same  situations  might  be  considered  in  terms  of  many 
other  modern  things.  A  watch,  a  radio,  a  telephone,  a  loco¬ 
motive,  a  bridge,  and  a  skyscraper  —  each  is  composed  of 
metals.  As  we  observe  the  crude  ore  from  which  these 
objects  are  made  and  contrast  it  with  the  highly  refined 
products  of  mechanical  skill,  we  should  have  a  feeling  of 
deep  respect  for  the  inventiveness  of  the  human  mind. 

Man  did  not  all  at  once  perfect  his  ways  of  doing  things. 
Progress  in  ability  to  use  material  has  been  continuous 
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General  Motors  Corporation 

Fig.  109.  A  Modern  Automobile  Plant  represents  the  Results  of  a  High 
Degree  of  Skill 


through  many  centuries.  During  the  time  man  has  been 
on  earth  he  has  been  a  warrior,  fighting  for  self-protection  ; 
a  hunter  and  a  worker,  searching  for  food ;  and  an  artist, 
seeking  ways  to  express  his  feelings.  We  today  believe  that 
he  has  reached  a  high  development  in  these  respects.  While 
the  whole  story  of  this  learning  is  not  known,  the  growth 
in  ability  to  use  material  must  have  come  with  the  gradual 

assembling  of  ideas  as  they  arose  out  of  Plan’s  ability  to  use 
man's  experiences.  At  first,  crude  ma-  materials  has  in¬ 
ternals  were  used  to  make  crude  articles.  creased  gradually 
From  experiences  with  crude  articles  clever  men  found  ways 
to  make  finer  ones.  Finer  articles  in  turn  required  finer 
materials.  Thus  progress  in  the  use  of  material  has  come 
as  men  have  seen  the  way  to  make  better  things  and  have 
then  found  better  materials  for  making  them. 

We  know  of  course  that  primitive  man  used  as  raw  mate¬ 
rials  only  wood,  bone,  and  stone.  It  is  only  during  the  past 
few  thousand  years  that  he  has  acquired  skill  in  metal  work. 
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Scientists  recog¬ 
nize  three  ages  in 
the  culture  of 
man:  Stone, 
Bronze,  and  Iron 


Anthropologists  (men  who  specialize  in  the  study  of 
man  and  his  culture)  commonly  recognize  three  ages  of 
man  :  Stone,  Bronze,  and  Iron.  The  Stone 
Age  continued  from  the  earliest  period  in 
the  history  of  man  until  he  learned  to  use 
bronze.  The  Bronze  Age  continued  until 
he  learned  to  use  iron,  and  the  Iron  Age  has  continued 
until  today.  As  you  continue  in  your  study,  you  may 
question  what  will  follow  the  Age  of  Iron. 

These  ages  do  not  represent  particular  dates  in  history. 
You  should  think  of  them  as  representing  merely  the  order 
of  the  development  of  culture  in  the  various  races.  There 
are  backward  races  today  which  we  say  are  still  living  in 
the  Stone  Age.  Why?  Because  they  know  little  or  nothing 
about  the  use  of  metals,  and  such  tools  as  they  have  are 
made  of  stone.  The  American  Indian,  for  example,  with 
his  weapons  of  stone  and  wood,  was  still  living  in  the  Stone 
Age  when  Columbus  discovered  America. 

Perhaps  you  would  like  to  know  how  scientists  have 
reached  their  conclusions  regarding  this  progress  of  man. 
The  story  is  an  interesting  and  a  long  one.  Not  all  of  it 
can  be  told  here,  but  we  can  tell  some  of  it. 

The  stage  of  culture  reached  by  a  people  is  revealed  by 
the  character  of  the  artifacts  (any  objects  made  by  men) 
Stages  of  human  which  they  produce.  The  period  when 
vealUdebyethe"ob  artifacts  were  made  chiefly  of  stone  is  the 
Jects6 made  in  that  period  we  now  call  the  Stone  Age.  Even 
.culture  this  period  shows  progress  within  itself : 

some  stone  implements  that  scientists  have  found  are 
rough  things,  made  wholly  by  chipping ;  others  are  of 
polished  stone.  The  evidence  secured  from  the  study  of 
artifacts  reveals  that  during  most  of  the  million  years 
man  has  lived  on  earth  he  has  lived  in  the  Stone  Age. 

The  oldest  artifacts  made  from  metal  are  those  of  copper, 
silver,  and  gold.  No  one  knows  which  of  these  metals  was 
first  used.  There  is  evidence  from  the  artifacts  themselves 
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that  all  three  were  used  long  before  the  dawn  of  recorded 
history.  Of  them  copper  was  the  most  abundant.  Primi¬ 
tive  methods  of  working  metals  were  of 

,  i  i  i  j  i  t  The  oldest  metal 

course  crude.  Probably  they  were  discov-  artifacts  are  made 

ered  by  accident.  As  copper,  silver,  and  gj^rCa^degold 
gold  are  soft  metals  when  pure  and  will  not 
hold  a  cutting  edge,  they  were  probably  used  for  making 
ornaments  before  they  were  used  for  other  purposes.  Arti¬ 
facts  of  copper  do  show,  however,  that  this  metal  was 
used  to  some  extent  for  making  weapons. 

Why  should  primitive  people  have  depended  upon  these 
metals?  The  answer  probably  is  that  while  they  are  not 
found  in  great  quantities,  they  are  found  *,  .  ... 
free ;  that  is,  they  are  not  combined  with  worked  with 
other  elements.  To  use  them,  then,  man  metals  found  free 
did  not  have  to  know  anything  about  the  processes  by 
which  metals  are  extracted  from  ores.  It  seems  reasonable 
to  believe  that  our  primitive  forefathers,  discovering  nug¬ 
gets  of  these  metals  similar  to  those  shown  in  Fig.  110,  tried 
to  fashion  them  into  tools  and  trinkets,  and  found  that 
for  some  purposes  they  were  superior  to  stone. 

Sometime  after  man  learned  how  to  work  metals,  he 
acquired  skill  in  extracting  them  from  ore.  Here  again  it 
is  quite  possible  that  the  discovery  was 
accidental.  But  however  it  came  about, 
some  intelligent  members  of  the  race  real¬ 
ized  the  importance  of  the  find  and  added 
it  to  their  increasing  store  of  knowledge. 

Then  someone  found  how  to  combine  va¬ 
rious  metals.  This  too  was  extremely  important ;  for  when 
certain  metals  are  mixed  with  other  metals,  they  form  what 
are  known  as  alloys.  Some  alloys,  or  mixtures  of  metals, 
are  harder  than  any  of  the  metals  which  go  into  their  com¬ 
position.  These  alloys  are  therefore  much  more  durable 
than  the  pure  metal  itself.  Take  a  common  example.  Cop¬ 
per  mixed  with  tin  forms  bronze.  A  one-cent  piece  is  made 


Extracting  metals 
from  ores  and 
combining  them 
with  other  metals 
marked  a  great 
forward  step  in 
human  progress 
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Fig.  110.  A  Few  Metals  are  found  as  Nuggets  in  a  Free  State 
A,  a  nugget  of  copper ;  B ,  one  of  gold ;  C,  one  of  silver 

of  bronze.  If  you  compare  this  coin  with  a  sheet  of  pure 
copper  or  tin,  you  will  see  that  the  bronze  is  much  harder 
than  either.  Primitive  people  stumbled  somehow  upon  this 
discovery.  As  they  learned  to  make  bronze  and  to  use  it 
in  making  weapons,  tools,  and  works  of  art,  the  Stone  Age 
changed  to  the  Age  of  Bronze. 

And  then  came  another  discovery.  Sometime  after 
primitive  men  had  learned  to  make  and  to  use  bronze, 
they  discovered  how  to  separate  iron  from  its  ore.  This 
marked  another  cultural  step  forward,  and  the  Age  of 
Iron  followed  the  Age  of  Bronze. 


From  the  Stone  Age  to  the  Age  of  Power  203 

We  live  today  in  the  Age  of  Iron,  for  iron  more  than 
any  other  metal  determines  the  character  of  our  culture. 
Through  the  use  of  iron  we  have  learned  ™  , 

lhe  modern  age  is 

to  develop  power  from  natural  resources  called  the  Age  of 
and  to  use  it  to  drive  machinery.  The  in-  Iron 
fluence  of  this  development  on  culture  of  today  is  so  far- 
reaching  that  the  present  is  frequently  referred  to  as  the 
Age  of  Power.  Anthropologists  commonly  consider  that 
the  Age  of  Power  lies  within  the  Age  of  Iron,  for  the  use  of 
metal  is  obviously  essential  to  the  development  of  power. 

In  this  brief  introduction  we  have  tried  to  picture  in 
general  terms  the  sweep  of  man's  progress  in  the  use  of 
materials.  Now  let  us  examine  the  ages  of  man  with  a  little 
more  care. 


B.  How  did  the  Use  of  Stone  help  Men  to  control 
their  Environment? 

It  was  fifty  thousand  to  a  hundred  thousand  years  ago 
that  Neanderthal  man  lived  in  Europe.  Since  much  of  the 

Northern  Hemisphere  at  this  time  was  The  Neanderthals 
covered  with  ice,  the  climate  even  in  lived  in  the  Stone 
southern  Europe  must  have  been  cold.  Age 
Primitive  men,  with  their  families,  took  to  caves  (such  as 
shown  in  Fig.  Ill)  for  protection.  Scientists  have  unearthed 
materials  left  by  these  ancient  people  in  cave  dwellings. 
Neanderthal  man  must  have  fed  upon  animals,  for  the 
bones  of  animals  are  found  beside  the  remains  of  fires.  He 
used  stone  implements,  and  they  too  have  been  found  there. 

Imagine  yourself  back  in  this  setting.  Some  of  the  older 
men  are  working  in  stone.  Some  of  the  children  are  imi¬ 
tating  their  elders,  thus  acquiring  their  skills  in  one  of  the 
oldest  forms  of  education.  Finished  pieces  of  stone  are  at 
hand  for  use  as  needed.  There  are  tools  for  skinning  ani¬ 
mals,  the  skins  being  used  for  protection  against  the  cold. 
There  are  tools  for  cracking  bones ;  these  primitive  people 
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Fig.  111.  Some  Primitive  Men  lived  in  Caves 

These  furnished  a  measure  of  protection  from  rain  and  cold,  and  were  resorted 
to  during  ages  when  the  climate  was  colder 


are  evidently  fond  of  bone  marrow.  There  are  weapons  for 
hunting  and  for  self-protection.  None  of  these  tools  and 
weapons  is  made  of  anything  but  stone.  Photographs  of 
artifacts  left  by  Neanderthal  man  are  shown  in  Fig.  112. 
Here  is  a  hard  life,  to  be  sure,  but  in  their  different  imple¬ 
ments  these  primitive  people  are  already  exercising  a  meas¬ 
ure  of  control  over  their  environment.  In  some  such  setting 
as  this  human  culture  had  its  origin. 

You  may  know  something  of  another  early  race  called 

the  Cro-Magnons.  These  were  a  race  of  people  who  took 

During  the  Stone  the  place  of  the  Neanderthals  in  southern 

Age  man  showed  Europe  sometime  after  the  ice  of  the  last 
an  improvement  .  .  .  ,  .  .  mi 

in  his  ways  of  great  ice  age  had  begun  to  recede.  1  hese 

working  in  stone  men  were  0f  a  higher  stage  of  culture  than 

any  who  had  lived  before  them.  They  used  stone  for  tools 

and  weapons,  just  as  the  Neanderthals  had ;  but  the  im- 
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plements  which  they 
made  showed  finer 
finish.  Stone  imple¬ 
ments  were  made  in 
greater  variety,  and 
there  were  evidences 
of  attempt  at  artistic 
effect.  These  men  also 
used  bones  and  horns 
as  materials  for  their 
tools,  some  of  which 
were  beautifully  deco¬ 
rated.  Drawings  of 
some  of  their  tools  are 
shown  in  Fig.  113. 
Cro-Magnon  men  were  considerably  advanced  over  the 
Neanderthals  in  their  ability  to  battle  with  and  to  control 
the  forces  of  their  en¬ 
vironment.  But,  like 
the  men  who  preceded 
them,  they  too  were 
replaced  by  more  ad¬ 
vanced  races. 

If  we  step  forward 
now  to  a  period  about 
ten  thousand  years 
ago,  we  find  Europe 
peopled  with  races 
living  in  small  scat¬ 
tered  communities,  be¬ 
ginning  to  cultivate 
the  land.  Although 

^rom  G.  G.  MacCurdy’s  Human  Origins ,  Vol.  I.  By  permission, 
D.  Appleton  and  Company,  publishers. 

2  From  G.  G.  MacCurdy’s  The  Coming  of  Man.  By  permission,  The 
University  Society,  publishers. 


Fig.  113.  The  Stone  Implements  of  Cro- 
Magnon  Man  show  an  Improvement  over 
those  of  Neanderthal  Man2 

What  improvements  do  you  see  ? 


Fig.  112.  Neanderthal  Man  exercised  a  Meas¬ 
ure  of  Control  over  his  Environment1 

What  uses  do  you  think  were  made  of  these 
crude  stone  implements? 
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they  still  worked  in  stone,  they  were  so  much  more  skill¬ 
ful  than  earlier  men  that  they  were  called  men  of  the  New 
Stone,  or  Neolithic,  Age.  The  Neanderthals  and  Cro- 
Magnons  belong  to  what  we  call  the  Old  Stone,  or  Paleo¬ 
lithic,  Age.  Imple¬ 
ments  and  art  work 
of  Neolithic  men  are 
shown  in  Fig.  114. 
Compare  these  pieces 
with  the  work  shown 
in  Figs.  112  and  113. 

Probably  the  great¬ 
est  advance  of  Neo¬ 
lithic  over  Paleolithic 
peoples  is  their  abil¬ 
ity  to  fasten  wooden 
handles  to  their  stone 
tools  and  weapons. 
This  may  seem  a  small 
thing,  but  it  marks 
great  progress.  Evi¬ 
dence  of  that  prog¬ 
ress  is  found  in  the 
fact  that  the  Neo¬ 
lithic  men  crowded 
out  the  Cro-Magnons, 
just  as  Cro-Magnons 
had  at  a  much  earlier 
time  crowded  out  Ne¬ 
anderthals. 

After  the  beginning  of  the  Neolithic  Age  progress  in  cul¬ 
tural  development  seems  to  have  been  rapid.  There  were 
more  kinds  of  implements  with  which  to  work.  With 
greater  variety  of  implements  there  was  opportunity  for 


Fig.  114.  The  Work  in  Stone  of  Men  in  the 
Neolithic,  or  New  Stone,  Age  was  Far  Su¬ 
perior  to  that  of  Races  Previous  to  that 
Time1 

Compare  these  implements  with  those  in  Figs. 
112  and  113 


1  From  G.  G.  MacCurdy’s  Human  Origins ,  Vol.  II.  By  permission, 
D.  Appleton  and  Company,  publishers. 
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Fig.  115.  Many  Ancient  Ruins  testify  to  the  Ability  of  the  Egyptians,  Phoe¬ 
nicians,  and  Babylonians  to  produce  Beautiful  Objects  from  Stone 

This  ancient  temple  at  Luxor,  on  the  site  of  ancient  Thebes,  Egypt,  was  built 
about  1400  B.c. 

richer  experiences  and  so  for  speedier  progress  in  learning. 
Within  a  few  thousand  years  after  man  became  able  to 
polish  stone  and  to  fasten  handles  on  axes  he  learned  to 
write.  From  that  time  onward  we  have  his  written  record 
as  well  as  the  record  left  by  artifacts.  Modern  races  seem 
to  have  descended  from  these  Neolithic  people. 

Man’s  work  in  stone  did  not  end  with  the  Neolithic  Age. 
The  ruins  of  monuments  of  stone  (Fig.  115)  and  the  bits  of 
beautiful  statuary  discovered  among  them  in  Egypt,  Phoe¬ 
nicia,  Babylonia,  and  other  countries  furnish  a  record  in 
stone  of  the  cultural  developments  of  old  civilizations. 
The  Greeks,  who  realized  the  possibilities  of  work  in  stone, 
made  their  first  appearance  on  the  historical  scene  about 
1500  B.c.  One  thousand  years  later  the  civilization  of  the 
Greeks  had  reached  its  greatest  height.  They  had  built 
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Fig.  116.  The  Greeks  are  Famous  for  their  Beautiful  Work  in  Stone.  This 
Structure  is  made  of  Marble 

The  temple  shown  was  built  in  the  fifth  century  b.c.,  on  the 
Acropolis  in  Athens 

the  great  cities  of  Athens  and  Corinth,  and  within  them 
they  had  constructed  beautiful  buildings  and  monuments. 
People  living  in  Some  remains  are  still  to  be  found,  as 
relatively  recent  shown  in  Fig.  116.  The  work  of  the 

periods  of  history  ~  ,  ..  ,  J  .  .  . 

have  left  evidence  Greeks  in  marble  statuary  has  never  been 
of  work  in  stone  equaled.  It  is  indeed  a  long  step  in  the 
progress  of  man  from  the  crude  pieces  of  stone  shown  in  Figs. 
112, 113,  and  114  to  the  fine  marble  statuary  shown  in  Fig. 
116.  The  period  of  time  required  for  this  progress  was  from 
fifty  thousand  to  seventy-five  thousand  years. 
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C.  In  What  Ways  did  Men  of  the  Bronze  Age  control 
their  Environment? 

It  is  reasonable  to  think  that  primitive  man  might  try 
to  make  use  of  any  materials  he  happened  to  pick  up.  Per¬ 
haps  because  of  its  unusual  appearance  he  picked  up  a 
copper  ore.  One  ore,  called  cuprite  (CU2O),  is  a  reddish 
powder.  When  this  ore  is  heated  in  a  strong  wood  fire, 
some  copper  is  formed.  Although  the  chemistry  of  the 
process  was  certainly  unknown  to  early  ^  r 

r  ‘'the  discovery  of 

man,  it  seems  reasonable  that  a  primi-  bronze  was  prob- 
tive  experimenter  should  have  discovered  ably  accidental 
in  some  chance  observation  how  to  separate  copper  from 
its  ores.  There  is  convincing  evidence  that  these  methods 
were  known  well  before  the  dawn  of  recorded  history. 

The  process  of  making  bronze  seems  simple  after  it  is 
once  learned.  Bronze  is  an  alloy  of  copper  and  tin  and  may 
be  made  by  melting  and  mixing  these  two  metals.  It  may 
also  be  made  directly  from  the  ores  of  copper  and  tin.  It 
seems  likely  that  the  first  bronze  was  made  from  the  ores 
rather  than  from  the  pure  metals.  The  mineral  from  which 
tin  is  obtained  is  called  tinstone.  It  is  a  compound  of  tin 
and  oxygen  having  the  formula  SnC^.  (Sn  is  the  abbrevi¬ 
ation  for  the  Latin  word  stannum ,  which  means  "tin.”) 

Bronze  was  found  to  be  much  more  suitable  for  certain 
uses  than  stone.  For  one  thing,  it  will  take  and  hold  a 
cutting  edge.  With  it  man  could  make  Bronze  offered 
better  weapons  for  defense  and  for  killing  greater^oppor^ 
game.  He  could  make  better  tools,  and  for  improved  tools 
thus  the  possibilities  for  artistic  expression  and  otller  artlfacts 
were  enlarged.  Here,  then,  was  a  substance  that  could  fur¬ 
nish  many  new  experiences.  New  experiences  are  the  basis 
of  learning.  From  all  evidence  advances  in  learning  during 
the  few  thousand  years  of  the  Bronze  Age  were  very  much 
greater  than  the  advances  through  the  hundreds  of  thou- 
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sands  of  years  of  the  Stone  Age.  Perhaps  you  have  read 
accounts  which  tell  this  story  at  length.  If  not,  you  will 
wish  to  get  some  at  your  library. 

Bronze  has  been  used  in  the  construction  of  carts, 
chariots  (Fig.  117),  and  armor,  and  in  sculpture.  The 
Greeks  and  Romans,  who  showed  such  great  ability  in 
their  work  in  stone,  also  excelled  in  bronze.  Some  famous 
statues  in  bronze  are  shown  in  Fig.  118.  Some  of  the 
greatest  masterpieces  the  world  has  seen  were  made  dur¬ 
ing  the  period  of  five  hundred  years  which  came  just  be¬ 
fore  the  Christian  Era. 


D.  How  does  the  Use  of  Iron  help  Men  to  control 
their  Environment? 

The  story  of  man’s  progress  in  the  use  of  iron  is  similar 
to  the  story  of  his  progress  in  the  use  of  bronze.  The  effect 
Iron  is  more  use-  of  iron  on  the  changes  in  culture  has  been 
ful  than  bronze  greater  than  the  effect  of  bronze,  partly 
because  iron  lends  itself  to  more  uses  and  partly  because 
ores  of  iron  are  much  more  abundant  than  ores  of  copper. 

Hematite  is  the  most  common  form  of  iron  ore.  This  is 
a  form  of  iron  oxide,  a  combination  of  iron  and  oxygen, 
with  the  formula  Fe^Oa.  (Fe  is  from  the  Latin  word 
ferrum,  which  means  "iron.”)  As  you  have  seen,  it  was 
not  many  thousand  years  after  men  learned  to  work 
bronze  that  they  learned  to  work  iron.  Thenceforth  iron 
as  well  as  bronze  was  used  for  tools  and  weapons. 

Iron  is  separated  from  the  ore  by  heating  a  mixture  of 
ore  and  charcoal  in  a  furnace.  A  high  temperature  is  re¬ 
quired  for  the  chemical  change.  The  great  difficulty  for 
the  primitive  ironworker  was  to  get  the  furnace  hot  enough. 
Bellows  made  of  the  skins  of  animals  were  used  to  supply 
a  forced  draft.  Fig.  119  shows  how  one  of  the  primitive 
furnaces  was  used.  As  the  workman  raises  his  foot,  he 
enlarges  the  space  within  the  skin,  and  air  enters  to  fill  it. 


Metropolitan  Museum  of  Art 

Fig.  117.  The  Artistic  Ability  of  Some  Early  People,  as  expressed  in 
Bronze,  was  Quite  High 

This  ancient  chariot,  made  of  bronze  by  the  Etruscans,  was  found  in  1902 
in  a  tomb  near  Monteleone,  Italy 


Fig.  118.  Bronze  was  used  for  Statuary  Too 

These  statues,  "Discus  Thrower”  and  "Boy  with  a  Thorn  in  his  Foot,” 
date  back  to  about  the  middle  of  the  fifth  century  B.c. 


T 
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Fig.  119.  The  Primitive  Blast  Furnace  was  a  Simple  and  Crude  Affair 


©  Altwater  &  Brother,  Pittsburgh 

Fig.  120.  One  Measure  of  the  Progress  of  Man  in  the  Iron  Age  is  found  in 
a  Comparison  between  the  Primitive  Blast  Furnace  in  Fig.  119  and  the 
Great  Number  of  Modern  Furnaces,  such  as  the  Above,  which  we  have 

Today 


As  he  throws  his  weight  on  the  skin,  the  air  is  forced  out 
through  the  furnace.  This  seems  crude,  yet  it  represents  a 
clever  invention.  From  this  simple  beginning  has  come  the 
modern  blast  furnaces  illustrated  in  Fig.  120. 
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Metropolitan  Museum  of  Art  Museum  of  Fine  Arts 

Fig.  121.  Some  of  Man’s  Early  Work  in  Iron  was  Not  Only  Beautiful  but 
Indicative  of  a  High  Measure  of  Ability  to  use  Materials 

Both  the  suit  of  armor  (A)  and  the  doors  ( B )  were  handmade 


Uses  for  iron  multiplied  rapidly.  Like  stone  and  brPnze, 
iron  was  used  in  making  weapons  for  defense  and  for  hunt¬ 
ing,  in  making  tools,  and  in  art.  Iron  was  used  for  armor 
and  for  doors,  gates,  and  fences.  In  the  construction  of 
these  there  was  evidence  of  a  great  deal  of  artistic  ability, 
as  shown  in  Fig.  121. 

As  men  continued  to  enlarge  their  experiences  through 
work  with  iron,  they  learned  more  and  more  uses  for  it.  Illus¬ 
trations  of  some  of  its  many  uses  are  seen  in  the  remains 
from  ancient  civilizations.  A  most  important  use  for  iron  in 
the  form  of  steel  was  for  making  sharp-edged  tools.  Even 
today  no  other  metal  is  as  useful  as  steel  for  this  purpose. 
The  methods  of  making  steel  are  given  in  a  later  chapter. 
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Fig.  122.  Robert  Fulton  was  one  of  the  First  Men  to  apply  the  Principle 
of  the  Steam  Engine  in  a  Steamboat 

The  first  trip  of  the  Clermont  was  made  in  1807 


E.  What  is  the  Age  of  Power? 

The  greatest  achievement  of  the  Iron  Age  came  when 
James  Watt  improved  the  Newcomen  steam  engine  and 
The  Age  of  Power  thus  extended  its  use.  He  invented  a  pis- 
learneA  touse  ton  and  a  cylinder  similar  to  the  ones 
energy  from  water-  used  today.  Watt  took  out  his  first  patent 
falls  in  1769,  and  the  first  successful  engine  was 

in  operation  in  1776.  Within  twenty-five  years  this  engine 
was  used  widely  to  develop  power  for  paper  mills,  textile 
mills,  and  other  types  of  factories.  In  1807  Robert  Fulton 
used  a  steam  engine  to  drive  a  boat  up  the  Hudson  River. 
An  artist’s  idea  of  this  event  is  shown  in  Fig.  122.  In  1829 
George  Stephenson  used  a  steam  engine  to  drive  a  railway 
locomotive.  Before  1900  the  gasoline  engine  was  success¬ 
fully  used  to  drive  motor  cars,  and  soon  after  1900  it  was 


Fig.  123.  George  Stephenson,  who  made  the  First  Successful 
Locomotive  ( 1781-1848 ) 

When  George  Stephenson  was  seventeen,  he  could  not  read  a  single  book, 
for  George  had  long  since  been  at  work  with  his  father  in  a  coal  yard.  (In 
those  days  there  were  no  child-labor  laws! )  The  father  was  an  engine  fireman, 
and  George  learned  about  engines  from  him.  James  Watt,  the  genius  who  had 
made  steam  engines  practical,  was  their  hero.  And  it  was  the  desire  to  find 
out  more  about  Watt  that  now  sent  young  George  to  night  school  •  Soon  he 
himself  became  engineman  in  a  coal  yard  at  Killingworth,  with  an  idea  in  his 
head  to  make  a  "travelling  engine”  that  would  go  all  about  the  yards.  This 
idea,  as  you  know,  resulted  in  his  famous  Rocket  and  the  first  steam  railway  • 
Stephenson  also  invented  a  safety  lamp  for  use  in  the  mines.  It  was  much  like 
the  lamp  that  Sir  Humphry  Davy  was  experimenting  with  at  the  same  time. 
There  is  little  doubt  that  the  two  inventors  worked  separately  and  hit  upon  the 
same  invention  because  it  was  so  badly  needed.  But  Davy  got  the  credit.  It 
was  another  example  of  two  men’s  having  the  same  idea  in  the  same  period, 
when  the  time  was  ripe  for  it.  Adams  and  Leverrier  discovering  the  planet 
Neptune,  Newton  and  Leibnitz  inventing  the  calculus,  Darwin  and  Wallace 
with  their  theory  of  evolution,  or  Langley  and  the  Wright  brothers  in  aviation 
are  other  examples  •  George  Stephenson  made  the  first  locomotive  that  ran  on 
rails.  His  son  Robert  carried  on.  With  inherited  ability  coupled  with  a  good 
education — which  his  father  had  lacked — Robert  Stephenson  made  a  name 
not  only  in  engine-making  but  in  bridge-building  in  both  England  and  Canada. 
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successfully  used  to  drive  airplanes.  Thus  there  developed 
all  kinds  of  machines,  and  with  them  came  a  rapidly  in¬ 
creasing  demand  for  iron.  Now  machines  are  being  used 
to  do  the  work  of  the  world. 

With  the  development  of  machinery  there  has  been  an 
increasing  demand  for  other  metals  besides  iron.  Metals  of 
The  Power  Age  high  strength  are  required  for  axles  of 
created  demands  automobiles.  Metals  that  are  strong  and 
for  other  metals  ]ow  jn  density  are  required  for  airplanes. 

These  special  metals  are  alloys,  usually  of  iron  with  some 
other  metal.  Vanadium  steel  has  great  strength.  Nickel 

steel  is  extremely 
hard.  Tungsten  steel 
is  used  for  drills. 
Skilled  workmen  are 
continually  seeking 
to  make  steel  which 
shall  be  better  suited 
for  particular  uses. 

The  electrical  in¬ 
dustries  make  heavy 
demands  for  copper. 
Lead  is  used  for  stor¬ 
age  batteries.  Tin 
and  chromium  are 
used  for  plating. 
You  will  learn  more 


Fig.  124.  One  Measure  of  Changes  in  Culture 
through  the  Various  Periods  of  Development 
is  the  Rate  of  Increase  in  using  Materials 

What  does  the  future  hold  in  store? 


Zinc  and  lead  are  used  for  paint, 
about  all  these  metals  at  a  later  time. 

Each  advance  in  the  long  history  of  man's  activities  has 
been  marked  by  an  increase  in  the  use  of  material.  In  fact, 
one  measure  of  cultural  change  through  the  various  periods 
of  development  is  the  rate  of  increase  in  using  material. 
This  is  all  shown  in  Fig.  124.  Of  course  the  rate  of  in¬ 
crease  cannot  be  determined  with  exactness,  but  from  gen¬ 
eral  considerations  we  know  that  the  increase  through  the 
ages  must  have  been  about  as  shown  in  the  graph. 
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As  we  have  said,  when  the  range  of  experiences  open  to 
man  enlarges,  his  rate  of  learning  increases.  The  Stone  Age 
was  one  of  slow  progress.  Minerals,  including  ores  of  com¬ 
mon  metals,  coal,  and  petroleum,  lay  in  the  ground,  but  no 
man  knew  of  their  existence  nor  how  to  use  them.  The  rate 
of  change  quickened  when  man  learned  to  use  metals.  It 
quickened  still  more  when  he  learned  to  use  energy  from 
fuels  and  falling  water.  We  have  advanced  a  century  into 
the  Age  of  Power,  and  still  the  rate  of  using  material  goes 
on,  ever  increasing.  As  man  expands  the  range  of  his  ex¬ 
perience,  will  he  continue  to  increase  his  demands  for  ma¬ 
terials?  If  so,  where  will  it  end?  Can  progress  (as  shown 
in  Fig.  124)  continue  upward  and  upward  or  must  it  turn 
downward  ?  What  does  the  future  hold  in  store  ? 

It  is  possible  that  the  far  distant  future  may  bring  a 
new  culture.  The  stocks  of  iron  ore  are  being  reduced,  and 
more  and  more  effort  is  required  in  mining.  The  future  may 
As  the  effort  increases,  men  will  look  about  bring  man  out  of 
for  substitutes  for  iron.  It  may  be  that  p0wer  Age  into 
the  kind  of  material  that  will  mark  the  new  cultural  eras 
next  age  of  man  is  unknown  to  us  today,  just  as  bronze  was 
unknown  to  men  of  the  Stone  Age  and  iron  was  unknown 
to  men  of  the  Age  of  Bronze. 


One  evidence  of  man’s  cultural  changes  is  his  increasing  abil¬ 
ity  to  use  the  materials  of  his  environment. 


Can  You  Answer  these  Questions? 

1.  What  are  the  evidences  of  events  that  came  before  the  time 
when  there  were  written  records? 

2.  What  is  meant  by  an  age  ?  What  bases  are  there  for  dividing 
man’s  life  on  earth  into  the  three  ages  of  stone,  bronze,  and  iron? 

3.  What  is  the  evidence  that  the  Age  of  Iron  represents  an 
advance  in  culture  over  the  Age  of  Bronze  ? 
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4.  Why  did  primitive  people  depend  largely  upon  copper, 
silver,  and  gold  for  their  metals  rather  than  upon  those  which 
are  today  cheaper  and  more  plentiful? 

5.  The  statement  is  made  that  the  use  of  metal  is  essential 
to  the  development  of  power.  Why  should  this  be? 

6.  Support  with  evidence  the  statement  that  Neanderthal 
man  ate  the  marrow  of  bones. 

7.  What  important  effect  did  the  inventions  of  Stephenson, 
Watt,  and  others  at  the  beginning  of  the  Age  of  Power  have 
upon  man's  progress  ? 


Questions  for  Discussion 

1.  What  are  the  evidences  that  we  live  today  in  a  culture  that 
is  more  advanced  than  the  culture  of  the  ancient  Greeks? 

2.  Do  you  think  that  the  curve  of  progress  shown  in  Fig.  124 
will  continue  to  rise  ?  How  should  you  support  your  beliefs  ? 

3.  Can  one  say  fairly  that  primitive  man  was  less  intelligent 
than  we  are  today? 

4.  Could  we  live  in  an  age  of  metals  if  we  did  not  also  live  in 
an  age  of  power? 

5.  Do  you  think  that  any  of  man's  cultural  progress  has  been 
due  to  chance  discoveries?  Should  you  say  that  more  of  it  has 
been  due  to  chance  than  to  careful  studies  and  experiments  ? 

6.  Why  do  you  think  that  people  today  imitate  Greek  temples 
in  architecture? 

7.  How  do  the  methods  used  to  find  new  alloys  for  airplane 
engines  compare  with  the  methods  by  which  the  way  to  make 
bronze  was  discovered? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Trace  the  history  of  the  development  of  the  automobile  or 
some  other  machine,  either  by  dates  or  by  a  succession  of  pictures. 

2.  Compare  flint,  granite,  quartz,  and  marble.  Which  one  of 
them  was  used  by  the  Indians  to  make  stone  implements  ?  Wliy 
did  they  use  this  one  ?  Which  ones  were  used  by  ancient  peoples 
in  making  statuary?  Why? 
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3.  Trace  the  history  of  the  art  of  writing.  Work  this  up  as  a 
special  topic,  studying  the  forms  of  letters,  materials  for  writ¬ 
ing,  and  the  kinds  of  records  kept. 

4.  Trace  the  development  of  the  use  of  coal  and  petroleum, 
and  write  an  additional  chapter  for  this  book,  entitled  "How 
has  Man’s  Progress  depended  upon  his  Use  of  Carbon  and  its 
Compounds?” 

5.  The  graph  of  progress  shown  in  Fig.  124  is  necessarily  small. 
You  might  wish  to  extend  this  graph  by  filling  in  some  of  the 
items  for  the  various  eras.  Your  work  in  history  should  help 
you  here.  If  carefully  made,  such  an  enlarged  graph  might 
form  a  valuable  addition  to  your  science  room. 


Chapter  XI  •  What  is  the  Origin  of  Iron,  and 
How  is  it  made  into  Steel  ? 

In  your  reading  of  newspapers  and  magazines  you  have 
doubtless  found  a  great  many  references  to  this  Iron  Age 
and  Power  Age  in  which  we  live.  Perhaps  you  have  been 
puzzled  by  these  terms.  Has  not  every  age  been  an  Iron 
Age  and  a  Power  Age?  Your  present  study  is  making  you 
realize  that  we  today  live  at  a  time  when  iron  and  power 
determine  the  character  of  civilization  itself. 

Think  of  the  many  things  that  are  composed  wholly  or 
in  large  part  of  iron.  Rails  and  railroad  equipment,  auto¬ 
mobiles  and  trucks,  tractors,  skyscrapers, 

Iron  and  power  ,  .  ,  1*1  i  •  * 

determine  the  bridges,  ships,  heavy  machinery  for  manu- 
character  of  mod-  facturing  industries,  and  thousands  of 

ern  civilization  .  .  . 

small  articles  like  saws  and  hammers  and 
wrenches  are  made  from  iron  and  steel.  Try  to  name  an 
article  you  use  that  has  not  been  made  or  in  some  way 
worked  upon  by  tools  or  machines  of  steel.  Take,  for  ex¬ 
ample,  the  bread  you  eat.  Machines,  as  you  can  see  from 
Fig.  125,  are  connected  with  every  step  of  the  process  that 
changes  it  from  grain  to  the  product  that  reaches  your 
table :  the  plow  that  turned  the  soil ;  the  tractor  that 
pulled  the  plow ;  the  combine  that  harvested  and  threshed 
the  grain ;  the  tractor  that  pulled  the  combine ;  the  truck 
and  the  train  that  hauled  the  grain  to  the  mill ;  the  carriers 
that  delivered  the  flour  to  the  bakery ;  the  steel  machinery 
that  mixed  the  dough,  baked  the  bread,  and  delivered  it 
from  the  ovens  ready  for  use. 

Countless  other  examples  might  be  given.  Your  clothing, 
your  house,  your  furniture,  your  parks,  and  your  roadways 
are  produced  or  maintained  by  steel  machinery.  The  steel 
itself  is  made  by  machines.  It  seems  almost  as  if  our  whole 
lives  at  present  depended  upon  iron  and  power. 
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Fig.  125.  Many  of  the  Processes  by  which  we  obtain  our  Food  are  Possi¬ 
ble  only  because  of  the  Use  of  Iron,  Steel,  and  Other  Metals  in  Machinery 

Here  are  four  steps  in  bread-making  :  A,  plowing  with  a  tractor ;  B,  harvest¬ 
ing  with  a  combine ;  C,  milling  the  wheat ;  D,  bread  coming  from  the  oven. 
This  is  an  age  of  iron  and  of  power 
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Fig.  126.  Iron  and  Steel  exposed  to  the  Action  of  Air  rust  away  and 
become  a  Part  of  the  Soil 

Scenes  such  as  the  above  may  represent  real  economic  waste 


As  one  considers  the  tremendous  output  of  machinery- 
over  the  last  few  decades,  one  wonders  where  in  the  world 
it  has  all  gone.  Styles  change  rapidly  in  automobiles. 
More  and  more  powerful;  locomotives  pull  our  trains. 
Faster  and  faster  airplanes  cross  the  continent.  More  and 
more  complex  machinery  is  used  in  industry.  But  what 
has  happened  to  the  old  car,  the  slower  airplane,  and  the 
simple  machine?  Perhaps  you  are  familiar  with  a  scene 
such  as  that  in  Fig.  126.  From  similar  yards  a  great  deal 
of  the  worn-out  machinery  is  returned  to  the  iron  and  steel 
mills  as  "old  iron.”  Here  it  is  melted  and  used  again  in  the 
Iron  is  wasted  in  manufacture  of  new  machinery.  But  a 
great  quantities  very  ]arge  amount  is  wasted.  In  dump 
heaps  about  our  cities  there  are  discarded  automobiles, 
steam  boilers,  and  engines.  As  time  passes,  this  iron  and 
steel  rust  away  and  become  a  part  of  the  soil.  This  iron  is 
lost.  Obviously  we  are  using  our  natural  deposits  of  iron' 
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at  a  tremendous  rate,  for  the  thousands  of  tons  of  iron 
and  steel  that  rust  away  every  year  must  be  replaced. 
Where  does  this  iron  come  from  ?  What  is  the  origin  of  iron 
ore?  How  do  natural  forces  cause  it  to  form?  How  is 
iron  separated  from  the  ore?  How  is  it  made  into  steel? 
Is  there  an  endless  supply  of  ore  ? 

It  is  important  that  we  think  through  these  questions 
and  others  related  to  them. 


A.  What  is  an  Ore,  and  How  have  Ores  been  Formed? 

Suppose  you  had  the  skill  to  pick  out  from  a  sample  of 
soil  the  chemical  elements  of  which  it  is  composed.  What 
would  you  find  ?  Certainly  there  would  be  oxygen,  silicon, 
aluminum,  and  iron ;  most  of  the  sample  would  consist  of 
compounds  of  these  four  elements.  But  using  the  more 
careful,  searching  methods  of  a  chemist,  you  might  find 
traces  of  lead,  zinc,  copper,  tin,  and  possibly  silver  and 
gold. 

Similarly,  if  you  were  to  take  a  glass  of  water  from  the 
ocean,  evaporate  it,  and  analyze  the  salt  that  was  left, 
you  would  find,  along  with  other  substances,  traces  of  com¬ 
pounds  of  iron,  aluminum,  lead,  zinc,  tin,  and  copper,  even 
including  silver,  gold,  and  platinum. 

From  such  examinations  you  would  probably  decide  that 
the  substances  which  make  up  the  surface  of  the  earth  are 
composed  of  many  elements.  This  con-  jron  is  one  0f 
elusion  would  be  correct.  The  earth  is  ninety-two  ele- 

,  „  .  .  ,  ,  ments  which  com- 

composed  of  ninety-two  chemical  ele-  poSe  the  crust  of 

ments.  Iron  is  one  of  these  elements,  al-  the  earth 

though  not  the  most  abundant.  You  know  something  of 

the  relative  abundance  of  these  elements.  Oxygen  in  the 

air  and  in  combination  with  other  elements  in  rock  and  soil 

makes  up  nearly  50  per  cent  of  the  earth's  crust ;  silicon 

makes  up  another  25  per  cent.  Silicon  dioxide  (Si02), 

commonly  called  silica,  is  a  compound  of  these  two  ele- 
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ments.  Sand  and  sandstone  are  mostly  silica.  Aluminum 
ranks  third  in  abundance.  It  makes  up  8  per  cent  of  the 
earth’s  crust.  Iron  ranks  fourth,  making  up  5  per  cent 
of  the  total.  Adding  these  figures,  you  find  that  four  ele¬ 
ments  make  up  over  87  per  cent.  These  together  with  ten 
others  make  up  99  per  cent.  But  what  of  all  the  other 
elements  ?  One  thing  is  certain :  they  must  be  very  scarce, 
since  fourteen  of  the  ninety-two  elements  make  up  more 
than  99  per  cent  of  the  total.  It  may  seem  strange  that  none 
of  the  familiar  metals  except  aluminum  and  iron  are  included 
within  the  fourteen  most  abundant  elements.  In  fact,  all 
of  the  world’s  copper,  lead,  zinc,  tin,  and  nickel  taken 
together  make  up  far  less  than  one  tenth  of  1  per  cent. 

You  may  wonder  why  certain  metals  cost  so  much  when 
compounds  containing  them  may  be  picked  up  anywhere. 
The  cost  of  metals  The  answer  is  not  hard  to  find.  While 
depends  partly  many  metals  are  present  in  soil  and  sea 

upon  the  ease  with  .  . ,  .  . 

which  they  may  be  water,  the  concentration,  or  percentage  to 

extracted  from  ore  ]-,e  founcj  jn  a  given  quantity  of  soil  or 

water,  is  so  low  that  they  cannot  profitably  be  extracted. 

As  a  striking  example,  consider  gold.  It  has  been  estimated 

that  in  all  the  water  of  the  oceans  there  is  800,000  times 

more  gold  than  there  is  in  all  the  banks  of  the  world. 

Before  this  gold  would  be  valuable,  however,  it  must  be 

taken  from  the  water.  This  would  be  a  difficult  task,  and 

the  expense  involved  would  be  greater  than  the  value  of 

the  metal  which  could  be  obtained. 

There  are  certain  areas  distributed  over  the  earth,  how¬ 
ever,  from  which  metals  may  be  extracted  with  profit. 
These  areas  contain  deposits  of  ores.  There  are  deposits 
of  iron  ore,  for  instance,  containing  more  than  50  per  cent 
iron.  Here  the  concentration  is  high  enough  to  make  the 
labor  involved  in  extracting  the  metal  well  worth  the  pains. 
What  is  the  origin  of  these  deposits?  Natural  forces  oper¬ 
ating  through  many  millions  of  years  have  caused  the  de¬ 
posits  to  form.  Let  us  look  at  these  forces. 
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You  may  get  some  understanding  of  the  manner  in 
which  ores  have  been  formed  if  you  follow  the  changes  that 
must  have  occurred  when  a  .  great  mass  of  molten  rock 
moved  upward  from  the  interior  of  the  earth,  hardened  on  or 
near  the  surface,  and  was  later  worn  away  by  weathering  and 
erosion.  You  already  know  something  about  these  forces. 

Molten  rock  is  not 
a  simple  substance 
but  is  a  mixture  of 
chemical  compounds 
together  with  a  small 
amount  of  some  free 
elements.  These  com¬ 
pounds  and  free  ele¬ 
ments  are  called 
minerals.  A  mineral 
is  a  naturally  occur¬ 
ring  substance  with 
a  definite  chemical 
composition.  Silica 
(Si02)  and  magnetite 
(FesCh),  for  example, 
are  minerals.  Such 
minerals  as  the  oxides 
of  iron  are  sources  of 
our  important  met¬ 
als.  What  is  an  ore? 

When  these  minerals  are  sufficiently  concentrated  in  one 
deposit,  they  form  a  commercially  valuable  ore. 

The  most  familiar  igneous  rock  (that  is,  a  rock  which 
has  been  made  by  the  cooling  and  solidifying  of  hot  molten 
matter  from  deep  within  the  earth)  is  granite.  You  may 
see  with  a  small  magnifying  glass  the  tiny  crystals  of  some 
of  the  minerals  of  which  it  is  composed  (Fig.  127).  The 
shiny  crystals  are  quartz,  a  form  of  silica ;  the  smooth  flesh- 
colored  ones  are  feldspar;  and  the  dark  crystals  resem- 


Fig.  127.  Granite  is  an  Igneous  Rock,  made 
up  of  Many  Different  Minerals 

The  granite  surface  shown  here  has  been 
magnified  many  times 
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Fig.  128.  Different  Minerals  have  Different  Characteristics 

A,  quartz  ;  B,  hematite  ;  C,  magnetite  ;  D,  feldspar  ;  E ,  Mica.  Can  you  find 
any  differences  in  these  minerals?1 

bling  thin  sheets  are  mica.  Perhaps  you  have  seen  these  and 
other  minerals  on  display  in  a  museum.  Fig.  128  will  give 
you  an  idea  of  the  appearance  of  some  common  minerals. 

Let  us  imagine  that  you  could  watch  the  changes  which 
must  have  taken  place  in  the  formation  of  igneous  rock. 
The  formation  of  A  molten  mass  of  rock  moves  upward 
minerals  depends  toward  the  surface  of  the  earth  and 
meltfng  po^nts^nd  slowly  cools.  You  will  see,  while  the  rock 
their  density  js  liquid,  that  the  more  dense  minerals  tend 

to  separate  from  the  less  dense  ones.  The  reason  for  this  is 
that  in  a  liquid  the  densest  materials  sink  deepest  and  the 
least  dense  rise  to  the  surface.  In  a  molten  mixture  of 
silica  and  magnetite,  for  instance,  you  would  expect  to 

1  Photographs  B,  C,  and  D ,  used  by  courtesy  of  American  Museum  of 
Natural  History. 
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find  the  less  dense  silica  above  the  more  dense  magnetite. 
Copper,  silver,  and  gold,  being  more  dense,  would  sink  be¬ 
neath  the  magnetite. 

As  the  rock  cools,  it  slowly  hardens.  Those  minerals 
contained  in  it  which  have  the  highest  melting  point  will 
harden  into  crystals  first.  Do  you  see  why?  The  hardened 
mica,  feldspar,  and  quartz  will  then  tend  to  separate  from 
the  liquid  copper,  silver,  and  gold. 

You  can  see,  therefore,  that  minerals  are  not  evenly  dis¬ 
tributed  through  igneous  rock.  One  sample  of  rock  may  con¬ 
tain  more  of  the  minerals  with  high  melting  points,  another 
more  of  the  minerals  with  low  melting  points.  One  may  con¬ 
tain  more  of  the  denser  minerals,  another  more  of  the  less 
dense  minerals.  Thus  one  rock  may  contain  enough  mag¬ 
netite  to  make  it  valuable  as  iron  ore,  and  another  may 
contain  enough  gold  to  make  it  valuable  as  gold  ore. 

Now  follow  the  changes  that  occur  as  a  mass  of  igneous 
rock  is  worn  away  by  weathering  and  erosion.  As  the 
rocks  are  decomposed,  or  broken  up,  most  Mineral  deposits 
of  the  minerals  contained  within  them  are 
changed  to  some  extent  by  chemical  action 
with  oxygen,  carbon  dioxide,  and  water. 

Running  water  carries  the  pieces  away, 
least  dense  bits,  such  as  those  formed  by  weathering  of 
mica  and  feldspar,  will  of  course  be  carried  farthest  in  a 
given  period  of  time.  They  will  appear  as  mud,  or  silt. 
Pieces  larger  and  denser  than  silt,  such  as  the  quartz  crys¬ 
tals  released  from  granite,  will  be  carried  less  readily  than 
the  smaller  bits.  They  will  appear  as  sand.  Running  water 
tends,  therefore,  to  separate  silt  from  quartz,  quartz  from 
magnetite,  and  so  on  through  the  list.  In  this  manner  all 
the  materials  of  which  the  rock  is  composed  are  sorted. 
The  densest  minerals  are  moved  the  least  distance  and  the 
least  dense  minerals  are  moved  farthest.  By  the  action  of 
running  water  minerals  alike  in  density  are  deposited  to¬ 
gether  and  minerals  unlike  in  density  are  separated. 


are  formed  by 
natural  forces 
working  on  the  sur¬ 
face  of  the  earth 

The  finest  and 
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Let  us  summarize  these  processes,  since  a  clear  under¬ 
standing  of  them  is  important  to  our  story  of  the  use  of 
ores.  Molten  matter  containing  a  mixture  of  minerals 
flows  upward  from  within  the  earth  and  hardens  on  or 
near  the  surface,  forming  igneous  rock.  As  the  molten  mass 
cools,  minerals  with  higher  melting  points  tend  to  separate 
from  minerals  with  lower  melting  points.  Minerals  of  less 
density  separate  from  minerals  of  greater  density.  As  time 
passes,  these  igneous  rocks  are  decomposed.  As  the  rocks 
are  decomposed,  running  water  separates  the  less  dense 
minerals  from  the  denser  ones.  As  a  result  of  these  and 
other  processes  minerals  from  the  rock  are  sorted  and  de¬ 
posited  as  ores.  Thus  the  metals  of  which  an  automobile 
axle,  a  piece  of  wire,  a  coin,  or  even  a  modern  ocean  liner, 
such  as  the  one  in  Fig.  129,  is  composed  had  their  origins 
in  hot  rock  that  once  came  up  from  within  the  earth. 

Except  for  the  succession  of  changes  that  has  just  been 
described,  continuous  through  many  millions  of  years,  this 
Age  of  Iron  and  this  Age  of  Power  could  not  have  been. 


B.  What  is  Iron  Ore,  and  How  Abundant  is  It? 

The  richest  deposit  of  iron  ore  in  the  United  States  and 
one  of  the  richest  in  the  world  is  in  Minnesota  and  Michi¬ 
gan.  It  is  rich  because  it  contains  a  large  percentage  of 
hematite,  a  form  of  iron  oxide  with  formula  Fe20a.  That 
is  to  say,  this  iron  ore  is  about  70  per  cent  hematite.  The 
remainder  is  a  mixture  of  other  minerals,  chiefly  silica 
(Si02).  One  hundred  pounds  of  the  ore  will  produce  some¬ 
what  more  than  50  pounds  of  iron. 

The  igneous  rock  from  which  this  deposit  was  formed 
must  have  contained  a  considerable  percentage  of  an  iron¬ 
bearing  mineral.  By  weathering  and  erosion  the  rock  was 
decomposed.  The  iron-bearing  minerals  were  changed  to 
iron  oxide  (hematite),  which  is  not  soluble  in  water.  Other 
minerals  which  were  soluble  were  slowly  washed  away. 
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Fig.  129.  The  New  Queen  Mary  is  an  Illustration  of  Man’s  Ability 
to  use  Metals 


Some  of  the  less  dense  minerals  were  also  washed  away. 
In  this  way  the  deposit  of  hematite  was  concentrated. 

These  physical  conditions  during  which  weathering  and 
erosion  concentrated  this  rich  deposit  of  ore  must  have 
continued  for  an  extremely  long  time,  and  yet  we  know 
that  the  deposit  of  ore  was  already  formed  before  the  be¬ 
ginning  of  the  Paleozoic  era,  the  middle  one  of  the  five 
great  eras  into  which  earth  history  is  commonly  divided. 
As  time  went  on,  these  deposits  were  overspread  with  earth. 
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Fig.  130.  Open-Pit  Mining  is  often  used  in  Removing  Iron  Ore  from 
the  Ground 

What  advantages  over  the  closed-mine  type  are  there  in  this  type  of  mining? 

The  layer  of  earth  now  covering  this  ore  is  not  very  thick. 
It  must  be  removed,  of  course,  before  the  ore  can  be  ob¬ 
tained.  In  mining,  the  ore  is  broken  by  blasting  and  taken 
by  steam  shovels  from  an  open  pit,  such  as  the  one  shown 
in  Fig.  130.  It  is  then  shipped  to  industrial  centers  to  be 
made  into  pig  iron. 

There  are  numerous  deposits  of  iron  ore.  This  ore  is  in 
fact  more  abundant  than  ores  of  any  other  metal.  About 

Iron  ore  is  found  85  Per  Cent  °f  the  ir0n  USed  in  the  United 
in  many  parts  of  States  comes  from  the  Lake  Superior 
the  world  region.  In  Alabama  there  is  a  large  deposit 

of  hematite,  but  it  is  less  easily  mined  than  the  Lake  Su¬ 
perior  ore.  In  New  York,  New  Jersey,  and  Pennsylvania 
are  deposits  of  magnetite  (FesCL),  of  which  we  shall  hear 
presently.  These  were  worked  for  ore  before  the  Lake  Su¬ 
perior  mines  were  opened ;  but  the  cost  of  mining  in  these 
newer  mines  is  so  much  less  than  the  cost  of  mining  in  the 
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Fig.  131.  Iron  Ore  is  abundantly  distributed  in  Various  Parts  of  the 
United  States 

Where  are  the  largest  deposits  found? 


older  mines  that  most  of  the  magnetite  mines  in  New  York 
and  New  Jersey  have  been  forced  to  close.  The  iron  min¬ 
erals  are  still  there,  however,  and  the  mines  could  be  re¬ 
opened  if  the  need  should  arise. 

Fig.  131  shows  the  location  of  deposits  of  iron  ore  in  the 
United  States.  Other  famous  deposits  of  iron  ore  are  in 
northern  France  and  southern  Germany,  in  Brazil,  South 
Africa,  Newfoundland,  and  Cuba.  There  is  no  immediate 
danger  of  shortage  of  this  important  metal. 

C.  How  is  Iron  Separated  from  Iron  Ore  ? 

The  two  ores  of  iron  used  more  commonly  are  those  con¬ 
taining  hematite  (Fe20s)  and  those  containing  magnetite 
(Fe304).  Perhaps  you  would  like  to  see  samples  of  these 
ores.  You  can  probably  obtain  them  from  a  chemical  supply 
company.  You  must  understand  that  the  ore  is  not  a  pure 
mineral,  but  a  mixture  of  hematite  or  magnetite  with  other 
minerals.  In  asking  for  samples  ask  for  the  ores  and  not 
the  minerals. 
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Hematite  ore  is  reddish  brown  in  color.  Certainly  there 
is  little  in  its  appearance  to  suggest  that  it  is  the  material 
from  which  objects  like  steel  rails  and  watch  springs  may 
be  manufactured.  Magnetite  is  darker,  and  the  crystal 
structure  of  the  mineral  is  more  in  evidence.  Some  mag¬ 
netite  ores  have  magnetic  properties ;  that  is,  they  act  like 
magnets. 

Iron  is  separated  from  ore  by  a  chemical  process.  Sup¬ 
pose  we  follow  step  by  step  what  happens  when  pig  iron  is 
.  made  from  hematite  ore.  In  this  process 

from  Yron^ore  6  you  must  recognize  two  important  things, 

through  a  chemi-  First,  hematite  ore  is  a  mixture  of  the 

cal  process  .  . 

mineral  hematite  with  other  earthy  ma- 
terials ;  the  earthy  matter  must  be  separated  and  removed. 
Second,  hematite  (Fe2C>3)  is  an  oxide  of  iron  (that  is,  a 
compound  of  iron  and  oxygen) ;  before  the  iron  is  of  any 
use  it  must  be  separated  from  the  oxygen.  A  little  later 
we  shall  describe  the  chemical  changes. 

The  process  of  separating  iron  from  iron  ore  is  carried 
out  on  a  huge  scale.  The  chemical  changes  take  place 
_  ,  within  an  enormous  blast  furnace.  A  fur- 

demands  produc-  nace  like  the  one  in  Fig.  132  may  be 

large°scalen  ** °n  a  feet  high,  and  its  greatest  diameter  may 
be  20  feet.  Such  a  furnace  will  use  in  one 
day  nearly  1200  tons  of  ore,  600  tons  of  coke,  300  tons  of 
limestone,  and  2400  tons  of  air.  With  these  4500  tons  of 
material  one  furnace  may  make  600  tons  of  pig  iron.  As  a 
means  of  comparison  consider  the  large  railway  locomo¬ 
tives  used  for  passenger  service.  The  largest  one  weighs 
only  a  little  more  than  300  tons.  One  blast  furnace  will 
make  in  one  day  nearly  enough  iron  for  two  large  railway 
locomotives.  In  addition  to  600  tons  of  iron  the  furnace 
will  produce  as  waste  400  tons  of  dust  and  slag  and  about 
3500  tons  of  gases.  To  keep  the  temperature  under  con¬ 
trol  and  to  wash  the  dust  from  escaping  gases  some  18,000 
tons  of  water  will  be  required. 
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Fig.  132.  The  Process  of  Separating  Iron  from  Iron  Ore  is  one  of  Chemical 
Changes  on  a  Large  Scale 

The  figure  shows  a  cross  section  through  a  modern  blast  furnace.  Can  you 
trace  the  process  of  making  iron  in  this  furnace? 

The  melting  point  of  iron  is  about  1530°  C.  Since  iron 
from  the  ore  flows  away  from  the  furnace  as  liquid,  the 
temperature  within  the  furnace  must  be  higher  than  the 
melting  point  of  the  metal ;  that  is,  it  must  be  more  than 
1530°  C.  It  is  obvious  that  an  enormous  amount  of  heat 
energy  is  used  in  making  pig  iron.  As  you  may  see,  about 
1  ton  of  coke  is  required  to  make  1  ton  of  iron.  The  amount 
of  coke  used  in  one  furnace  in  24  hours  (600  tons)  is  suf¬ 
ficient  to  pull  the  heaviest  passenger  train  six  times  over 
the  distance  between  New  York. and  Chicago. 

Now  let  us  go  back  to  the  chemistry  of  the  process.  We 
have  said  that  iron  (Fe)  must  be  separated  from  iron  oxide 
(Fe203),  and  that  in  addition  the  iron  must  be  separated 
from  the  earthy  material  with  which  the  ore  is  mixed. 
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You  will  recall  that  coke  and  limestone  are  put  into  the 
blast  furnace  with  the  ore.  Carbon  in  the  coke  takes  part 
The  processes  tak-  in  the  chemical  change  which  separates 
ing  place  within  a  iron  from  oxygen.  Limestone  takes  part 

blast  furnace  rep-  .  ,  *11  ,  .  , 

resent  chemistry  m  the  chemical  change  which  separates 
on  a  large  scale  the  earthy  material  from  the  metal ;  it 
acts  chemically  upon  it,  producing  a  glasslike  substance 
called  slag.  Probably  you  would  like  to  see  all  these 
substances.  Maybe  you  can  get  from  one  of  the  steel  com¬ 
panies  samples  of  coke,  limestone,  slag,  and  pig  iron.  Ar¬ 
range  these  as  a  display  to  show  the  materials  that  are  put 
into  the  blast  furnace  and  the  materials  that  come  out. 

The  interior  of  a  blast  furnace  is  shown  in  Fig.  132.  Ore, 
coke,  and  limestone  are  fed  in  through  the  top.  A  strong 
blast  of  hot  air  is  forced  in  at  the  bottom  and  upward 
through  the  mixture.  Iron  is  drawn  off  as  liquid  (melted) 
through  an  opening  near  the  bottom  of  the  furnace.  Slag 
is  drawn  off  through  an  opening  a  little  above  the  one 
through  which  iron  is  drawn.  Gases  escape  through  a 
pipe  near  the  top.  The  process  is  continuous.  As  iron  and 
slag  are  removed  more  ore,  coke,  and  limestone  are  added. 
In  24  hours  2100  tons  of  solid  matter  and  2400  tons  of 
gases  enter  the  furnace.  In  this  same  interval  1000  tons 
of  solid  matter  and  3500  tons  of  gases  leave  the  furnace. 
Notice  that  1100  tons  of  material  placed  in  the  furnace  as 
solid  matter  leave  the  furnace  in  the  form  of  gases. 

Now  let  us  put  these  changes  into  chemical  language. 
The  first  chemical  change  is  a  simple  one.  Coke  burns  in 
Many  chemical  the  blast  furnace  just  as  in  any  other  fur- 
changes  take  place  nace.  As  the  incoming  hot  air  strikes  the 

in  the  extraction  p  ■*  •  -■  .  .  *»  ■*  ,  .  p  ,  t 

of  iron  from  iron  mass  of  burning  coke,  at  the  bottom  of  the 
ore  furnace,  carbon,  of  which  the  coke  is  com¬ 

posed,  combines  with  oxygen  and  forms  carbon  dioxide. 
This  is  shown  by  the  expression,  called  an  equation, 

C  +  02  — ►  C02 

carbon  oxygen  carbon 

dioxide 
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The  hot  carbon  dioxide  is  then  forced  upward  through  the 
hot  coke. 

At  a  higher  level  in  the  furnace  a  second  chemical  change 
takes  place  as  the  carbon  dioxide  and  the  hot  carbon  (coke) 
act  upon  each  other  and  form  carbon  monoxide,  thus : 

C02  +  C  — y  2  CO 

carbon  carbon  carbon 

dioxide  monoxide 

This  carbon  monoxide  is  the  same  poisonous  gas  formed 
within  the  cylinders  of  an  automobile.  It  is  always  formed 
when  there  is  too  much  carbon  and  not  enough  oxygen  (air) 
for  complete  burning.  Molecules  of  carbon  monoxide  move 
upward  through  the  mixture  containing  the  ore.  Remember 
that  the  temperature  within  the  furnace  is  higher  than  the 
melting  point  of  iron. 

Under  these  conditions  there  is  a  third  chemical  change 
at  a  still  higher  level.  There  is  chemical  action  between  the 
carbon  monoxide  and  the  iron  oxide  (ore).  In  this  change 
iron  is  produced. 

Fe203  “j”  3  CO  — 2  Fe  -j-  3  CO2 

iron  oxide  carbon  iron  carbon 

monoxide  dioxide 

As  this  iron  is  formed  it  flows  as  liquid  toward  the  bottom 
of  the  furnace. 

Then  there  is  the  chemical  change  that  converts  the 
earthy  material  (mostly  silica)  into  slag.  Calcium  car¬ 
bonate  (limestone)  and  silicon  dioxide  (silica)  act  together 
to  form  calcium  silicate. 

CaC03  +  Si02  — >  CaSi03  +  C02 

calcium  silicon  calcium  carbon 

carbonate  dioxide  silicate  dioxide 

The  slag  is  chiefly  calcium  silicate,  similar  to  ordinary  glass. 
The  molten  slag,  like  the  molten  iron,  flows  toward  the 
bottom  of  the  furnace. 

These  two  hot  liquids  may  be  compared  with  oil  and 
water  —  they  do  not  mix.  Slag  (density  about  2.5)  is  less 
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Keystone 

Fig.  133.  The  Molten  Iron  as  it  comes  from  the  Blast  Furnace  is  often 
allowed  to  run  off  into  Molds 

When  cooled  it  forms  blocks,  or  "pigs,”  of  iron,  which  can  be  moved  as  needed 


dense  than  iron  (density  about  9)  and  so  floats  on  top  of  it. 
Slag  is  drawn  off  through  one  opening,  as  we  have  seen 
(Fig.  132),  and  iron  through  another.  The  slag  is  not  used 
and  must  therefore  be  removed  as  waste.  The  liquid  iron 
may  be  run  into  molds,  where  it  hardens  to  form  cast  iron. 
Because  the  iron  in  the  molds  is  supposed  to  look  like  little 
pigs,  it  is  commonly  called  pig  iron  (Fig.  133).  Very  fre¬ 
quently  the  iron  is  not  made  into  "pigs.”  It  may  be  trans¬ 
ferred  immediately  (as  liquid  iron)  to  another  furnace  to 
be  made  into  steel. 
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Because  of  the  im¬ 
purities  in  cast 
iron  it  does  not 
meet  the  demands 
of  the  modern 
Machine  Age 


D.  What  is  Cast  Iron,  and  How  is  it  Used  ? 

Only  a  small  amount  of  the  product  of  the  blast  furnace 
is  used  as  cast  iron.  If  you  will  examine  some  of  it  you  will 
see  why. 

Cast  iron  contains  some  carbon.  This  element  will  dis¬ 
solve  in  melted  iron  somewhat  as  salt  dissolves  in  water. 
It  contains  some  silicon,  formed  in  the  fur¬ 
nace  from  silicon  dioxide,  which  also  dis¬ 
solves  in  melted  iron.  It  contains  other 
impurities,  including  at  least  traces  of  sul¬ 
fur  and  phosphorus.  These  properties  of 
cast  iron  make  it  less  widely  useful  than  wrought  iron  or 
steel,  which  we  shall  discuss  presently.  Cast  iron  is  hard 
and  brittle.  It  cannot  be  shaped  by  hammering,  for  when 
struck  with  a  hammer  it  may  break.  If  you  have  a  lid 
from  a  useless  old  stove  or  a  piece  of  a  worthless  iron 
kettle,  strike  it  a  sharp  blow  with  a  hammer.  It  will  be 
obvious  to  you  that  cast  iron  would  not  be  satisfactory  for 
use  as  automobile  axles  or  for  bridges.  It  is  suitable  only 
for  making  castings,  and  so  it  has  very  limited  usage. 

Iron  castings  are  made  for  iron  kettles  and  pans,  and  for 
pieces  of  stoves  and  furnaces,  although  even  for  these 
articles  cast  steel  is  commonly  used.  A  mold  is  prepared 
of  the  desired  shape,  and  molten  iron  from  the  blast  furnace 
is  poured  into  the  mold  and  allowed  to  harden,  as  we  saw 
in  an  earlier  paragraph. 

Now  let  us  look  at  wrought  iron.  How  is  iron  from  the 
blast  furnace  made  into  wrought  iron?  Wrought  iron  is 
nearly  pur e  iron .  W r ought  means ' '  worked . 9  9 
As  iron  cools,  it  passes  through  a  condi¬ 
tion  in  which  it  is  soft  and  easy  to  mold.  In 
the  early  days  ironworkers  worked  this 
soft  iron  from  the  crude  blast  furnaces 
by  hammering  it.  The  impurities,  including  carbon  and 
silicon,  were  worked  out  to  the  surface  and  thus  removed. 


In  the  process  of 
making  wrought 
iron  from  cast 
iron  some  of  the 
impurities  are 
removed 
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Obviously,  the  process  of  working  iron  with  heavy  steel 
hammers  not  only  required  severe  muscular  labor  but  was 
very  slow. 

Today  wrought  iron  is  made  by  a  simpler  process. 
Molten  iron  from  the  blast  furnace  is  run  into  a  second 
furnace,  where  hot  air  is  forced  through  it.  In  this  manner 
carbon  and  most  of  the  other  impurities  are  burned  out  of 
it.  In  spite  of  the  fact  that  wrought  iron  can  be  made  more 
easily  today,  it  is  not  widely  used.  Ironworkers  have 
learned  to  make  at  less  cost  a  soft  steel  which  is  an  excel¬ 
lent,  if  not  a  better,  substitute. 

E.  How  is  Iron  from  the  Blast  Furnace 
made  into  Steel? 

The  first  step  in  the  manufacture  of  steel  is  similar  to  the 
process  for  working  wrought  iron:  impurities  are  burned  out 
of  the  cast  iron.  Then  substances  are  added  to  the  molten 
iron  that  will  impart  to  it  the  properties  desired  in  the 
steel. 

There  are  two  main  processes  for  making  steel,  and  the 
process  to  be  used  must  be  determined  by  the  nature  of  the 
In  the  process  of  impurities  in  the  iron.  Compounds  of 
steel-making,  im-  phosphorus  and  sulfur  are  extremely  ob- 

purities  are  re-  .  .  -  . 

moved  from  the  jectionable  as  impurities,  for  their  pres- 

molten  iron  ence  makes  steel  brittle.  If  compounds  of 

these  elements  are  present,  the  basic  open-hearth  process 

is  used.  There  are,  on  the  other  hand,  some  ores  that  have 

almost  none  of  these  objectionable  impurities.  If  iron  is 

derived  from  ore  that  is  free  from  sulfur  and  phosphorus, 

it  may  be  made  into  steel  by  the  acid  Bessemer  process. 

In  either  process  the  steps  are  about  the  same. 

In  the  acid  Bessemer  process  the  furnace,  called  a  con¬ 
verter,  is  shaped  somewhat  like  a  huge  bottle  (Fig.  134). 
One  furnace  will  hold  about  twenty-five  tons  of  iron.  It  is 
mounted  on  an  axle  so  that  it  may  be  tipped  to  one  side  for 
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Fig.  134.  In  the  Bessemer  Process  for  Steel-Making,  Molten  Iron  is  poured 
into  a  Converter 

A  blast  of  air  is  forced  through  the  molten  iron,  and  the  impurities  are 
burned  out  as  shown  above 

filling  and  to  the  other  side  for  emptying.  Iron  is  poured 
in,  hot  air  is  forced  through  it,  and  steel  is  poured  out. 

Picture  the  process.  White-hot  iron  from  the  blast  fur¬ 
nace  is  poured  into  the  converter,  which  is  tipped  to  one 
side  to  receive  it.  The  converter  is  then  returned  to  an 
upright  position.  A  blast  of  air  which  is  forced  in  from  the 
bottom  passes  upward  through  the  hot  metal.  The  im¬ 
purities  in  the  iron,  carbon  and  silicon,  are  burned  out  in 
about  twenty  minutes.  The  air  blast  is  then  shut  off,  and 
while  the  iron  is  still  liquid  the  substances  to  be  added  are 
carefully  measured  and  put  into  it.  For  one  common  form 
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of  steel  these  substances  are  carbon  and  manganese,  in  a 
form  known  as  spiegeleisen  (a  German  word  meaning 
"glass  iron”). 

Does  this  seem  as  if  the  process  for  making  steel  is  a 
process  of  removing  carbon  and  then  adding  it  ?  In  a  way 
this  is  true.  The  composition  of  steel  must  be  carefully  con¬ 
trolled  if  steel  is  to  have  the  desired  properties.  It  must 
have  neither  too  much  nor  too  little  carbon.  The  surest 
way  of  accomplishing  this  is  the  method  just  described ; 
for  it  is  easier  to  add  the  necessary  amount  of  carbon  to 
pure  iron  than  it  is  to  reduce  the  amount  of  carbon  in 
cast  iron  to  just  the  right  quantity. 

Workers  in  steel  have  learned  to  make  steel  for  many 
different  purposes.  Steel  for  knife  blades  is  not  the  same 
as  steel  for  watch  springs;  neither  is  it  like  the  steel  for 
steel  rails.  Steel  for  knife  blades  must  hold  an  edge,  and 
it  should  be  a  steel  that  will  not  rust.  A  steel  containing 
some  12  per  cent  of  chromium  is  used  for  knife  blades. 
Since  these  properties  are  of  no  importance  in  steel  rails,  a 
cheaper  grade  of  steel  is  used  for  rails. 


F.  What  Chemical  Change  takes  place  as  Iron  Rusts? 


The  chemical  change  that  takes  place  as  iron  rusts  is  in 
a  sense  the  opposite  of  the  change  that  takes  place  as  iron 
is  made  from  iron  ore.  Iron  ore,  as  you 
have  seen,  is  iron  combined  with  oxygen. 
In  the  blast  furnace  the  iron  is  separated 
from  the  oxide  in  chemical  changes  already 
described.  But  when  iron  rusts  it  is  com¬ 
bining  again  with  oxygen,  forming  a  com¬ 
pound  similar  to  the  ore  from  which  it  was  made.  The 
general  nature  of  the  change  may  be  shown  by  the  following 

equation :  4  Fe  +  302  — >  2  Fe203 


The  chemical 
process  by  which 
iron  is  made  from 
iron  ore  is  in  a 
sense  opposite  to 
the  one  which 
takes  place  in 
rusting 


Notice  that  we  say  "general  nature  of  the  change.”  The 
complete  change  is  more  complex. 
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How  may  iron  structures  be  protected  from  rust?  The 
answer  is,  by  preventing  oxygen  from  getting  to  them. 
Painting  iron  is  the  most  obvious  method  of  doing  this. 

Mention  has  already  been  made  of  steels  that  do  not 
rust.  These  are  the  "stainless”  or  rustproof  steels  used  for 
cutlery.  They  are  not  strictly  rustproof,  although  under 
ordinary  conditions  of  use  they  are  nearly  so.  All  the 
iron  that  we  use  goes,  sooner  or 
later,  through  the  same  course  of 
changes,  which  begin  as  it  is  sepa¬ 
rated  from  iron  oxide,  and  end 
when  it  becomes  again  iron  oxide. 

Is  Fig.  135  a  familiar  one?  It  il¬ 
lustrates  one  step  in  the  cycle  of 
changes.  Iron  ore  has  been  de¬ 
posited  at  various  places  upon 
the  earth.  It  is  mined  and  used 
in  manufacture.  In  time  it  rusts. 

Ironworkers  estimate  that  in  the 
whole  world  29,000,000  tons  of 
iron  rust  away  every  year.  What 
happens  to  this  rust?  Will  nat¬ 
ural  forces  sort  it  out  again  as 
ore  for  future  races  of  man?  As 
we  think  over  the  nature  of  the 
changes  required  for  re-sorting, 
and  as  we  recognize  the  many 

hundred  millions  of  years  required  for  our  present  ore  beds 
to  form,  we  are  inclined  to  say  that  iron  changed  to  rust 
is  lost  forever. 

And  now  in  conclusion  let  us  recall  our  opening  to  this 
chapter.  We  referred  to  our  present  age  as  the  Age  of  Iron 
and  the  Age  of  Power.  We  may  call  it  also  the  Age  of 
Steel.  Perhaps  some  figures  will  make  this  statement  more 
impressive.  In  1929  some  82,000,000  tons  (short  tons)  of 
iron  ore,  or  enough  to  fill  a  750-foot  hollow  cube,  were 


Fig.  135.  Rusting  is  One  Part 
of  a  Cycle  which  makes  Iron 
from  Iron  Oxide  and  then 
turns  it  back  into  Iron  Oxide 
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mined  in  the  United  States.  Most  of  it  was  mined  in 
Minnesota  and  Michigan.  It  was  loaded  on  boats  and 
shipped  over  the  Great  Lakes  to  Gary,  Cleveland,  Buffalo, 
and  other  cities  where  iron  and  steel  mills  are  located. 
This  quantity  of  ore  became  some  40,000,000  tons  of 
iron,  and  flowed  away  from  the  blast  furnaces  to  be  made 
into  steel. 


Iron  and  steel  are  important  materials  in  this  present  Age 
of  Power.  Man’s  use  of  these  materials  has  come  from  the 
discovery  of  their  origin  and  of  the  processes  by  which  they 
may  be  changed  into  usable  form. 


Can  You  Answer  these  Questions? 

1.  Why  is  iron  cheaper  than  aluminum? 

2.  Name  the  four  elements  that  make  up  87  per  cent  of  the 
crust  of  the  earth. 

3.  What  are  the  chief  differences  between  cast  iron,  wrought 
iron,  and  steel?  How  do  these  differences  affect  the  purpose  for 
which  each  of  these  metals  may  be  used? 

4.  How  may  one  by  definition  distinguish  between  an  ore, 
a  mineral,  and  a  metal  ? 

5.  How  do  minerals  differ  from  each  other? 

6.  What  is  the  relationship  between  the  density  of  certain 
minerals  and  their  tendency  to  be  deposited  in  one  place  ? 

7.  How  are  minerals  sorted  into  deposits? 

8.  What  is  meant  by  the  double  concentration  of  ores  ? 

9.  What  are  some  of  the  main  steps  in  the  process  of  chang¬ 
ing  hematite  ore  into  iron? 

10.  Why  are  limestone  and  coke  used  in  a  blast  furnace? 

11.  Why  should  slag  float  on  molten  iron? 

12.  What  differences  are  there  in  the  magnetic  properties  of 
soft  iron  and  steel? 
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13.  What  reasons  are  there  why  steel  is  superior  to  cast  iron? 

14.  Is  it  correct  to  say  that  the  chemical  change  in  rust  is  in 
a  sense  opposite  to  the  change  that  takes  place  as  iron  is  made 
from  iron  ore?  Why? 


Questions  for  Discussion 

1.  Are  all  minerals  found  as  ores?  Do  all  metals  come  from 
ores? 

2.  Do  you  think  that,  if  the  processes  for  refining  iron  and 
steel  had  not  been  found,  possibly  some  other  metals  might  form 
the  basis  of  our  Machine  Age?  Which  ones? 

3.  As  time  goes  on,  what  becomes  of  the  iron  that  rusts  away 
in  the  dump  heap? 

4.  Do  you  think  that  any  machine-made  steel  things  are  just 
as  artistic  as  were  handmade  wrought-iron  things? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Wliat  do  you  know  about  precious  stones,  such  as  diamonds, 
emeralds,  or  rubies  ?  Are  they  minerals  ?  Are  they  found  in  ores  ? 
What  is  the  process  by  which  they  are  formed  in  the  earth  ?  Make 
a  special  study  of  precious  stones  and  tell  about  them  in  class. 

2.  If  you  do  not  already  have  a  collection  of  rocks,  minerals, 
and  ores  in  your  school  museum,  you  might  wish  to  prepare 
such  an  exhibit  now.  You  would  of  course  begin  with  those 
found  in  your  immediate  vicinity.  Include  ores  of  each  of  the 
common  metals.  If  you  have  friends  in  other  cities,  ask  them  to 
help  you  by  sending  specimens  peculiar  to  their  own  environment. 

3.  Compare  the  properties  of  hematite  and  magnetite.  Test 
the  two  ores  with  a  magnet  to  learn  why  one  is  called  magnetite. 

4.  Place  a  small  wad  of  steel  wool  in  a  test  tube  and  turn  the 
tube  upside  down  over  water.  Why  does  water  rise  in  the  test 
tube? 

5.  Place  some  small  steel  tacks  in  a  test  tube  and  add  hydro¬ 
chloric  acid  to  cover  them  to  a  depth  of  about  one  inch.  What 
happens  to  the  tacks?  What  is  the  origin  of  little  particles  of 
carbon  that  collect  on  top  of  the  liquid  ? 


Chapter  XII  •  What  determines  the 
Usefulness  of  Metals  ? 

You  have  learned  in  your  previous  science  work  that 
there  are  ninety-two  known  chemical  elements.  Of  these 
ninety-two  elements  you  may  be  interested  to  know  that 
at  least  thirty-nine  are  metals.  You  are  more  familiar  with 
some  of  these  metals  than  with  others.  As  a  result  of  your 
reading  in  the  last  chapter  you  should  know  a  great  deal 
about  one  of  them,  iron.  How  many  others  can  you  name? 

Of  all  these  metals  iron  is  used  in  greatest  abundance.  In 
one  year  the  quantity  of  iron  used  is,  in  fact,  something  like 
Iron  is  the  most  thirty  times  that  of  all  the  other  metals 
used  of  all  metals  taken  together.  Why  do  we  use  so  much 
iron?  You  should  be  able  to  answer  this  question.  In  the 
first  place,  the  ores  from  which  the  metals  are  to  be  secured 
must  be  deposited  in  such  a  way  as  to  make  them  readily 
obtainable  and  in  such  condition  as  to  make  them  easily 
workable.  In  the  second  place,  processes  must  be  known 
for  the  extraction  of  the  metal  from  the  ore.  Iron  satisfies 
both  of  these  requirements. 

The  importance  of  these  two  factors  may  be  seen  if  you 
will  contrast  iron  with  aluminum.  The  latter,  as  you  may 
f  know,  is  more  common  in  the  crust  of  the 

ihe  extent  ot  ore 

deposits  and  the  earth,  and  yet  iron  is  used  far  more  widely, 
help  to  determine  The  reason  for  this  is  that  the  substances 
the  usefulness  of  from  which  aluminum  may  be  profitably 
metals  extracted  are  not  found  concentrated,  or 

brought  together,  in  large  deposits.  Aluminum  ore  is  not  as 
plentiful  as  iron  ore.  Besides,  the  process  for  separating 
aluminum  requires  more  energy  than  the  process  for  sepa¬ 
rating  iron.  Consequently,  even  though  aluminum  is  more 
abundant  in  the  crust  of  the  earth,  the  metal  itself  is  much 
more  expensive  than  iron. 
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When  we  say  that  we  live  in  a  civilization  built  upon  the 
use  of  iron,  we  do  not  mean  that  no  other  metal  is  used. 
In  the  search  for  better  things  other  metals  are  very 
important.  The  electrical  industries  use  copper,  lead,  and 
zinc.  The  canning  industries  use  tin.  The  paint  industries 
use  lead  and  zinc.  You  can  doubtless  think  of  other  in¬ 
dustries  and  other  uses  of  metal.  But  it  is  doubtful  whether 
you  can  name  uses  for  all  the  thirty-nine  metals  among  the 
ninety-two  elements.  Let  us  see  what  we  can  find  out 
about  the  properties  of  some  of  these  other  metals. 


A.  How  do  Metals  differ  in  Chemical  Activity? 

Compounds  of  calcium  are  next  to  iron  in  abundance  in 
the  crust  of  the  earth.  Sodium,  potassium,  and  magnesium 
follow  calcium  in  order  of  abundance.  Probably  you  have 
never  seen  any  of  these  as  metals,  but  you  have  often  seen 
compounds  of  them.  Marble  is  calcium  carbonate  (CaCOs). 
Ordinary  table  salt  is  sodium  chloride  (NaCl).  Compounds 
of  these  metals  are  soluble  in  water,  and  since  they  are 
abundant,  you  may  expect  to  find  them  dissolved  in  ocean 
water.  Most  of  the  salt  of  the  ocean  is,  in  fact,  a  mixture 
of  compounds  of  these  four  metals. 

But  why  is  it  that  you  seldom  see  these  metals  as  ele¬ 
ments?  You  can  guess  a  part  of  the  answer.  They  may 
be  separated  from  their  compounds  only  Abundance  and 
by  the  use  of  a  large  amount  of  energy,  properties  are  fac- 

,  , ,  .  m,  .  ,,  tors  determining 

and  are  thus  expensive,  there  is  another  usefulness  of 
reason.  They  have  no  important  uses.  metals 
While  this  is  partly  due  to  their  expensiveness,  it  is  also 
due  to  certain  peculiar  properties  they  possess.  Because 
of  these  properties  it  is  said  that  these  metallic  elements 
are  very  active.  Perhaps  this  can  best  be  explained  through 
some  experiments. 

If  there  is  a  chemical  laboratory,  or  workroom,  in  your 
school  you  may  be  able  to  get  from  it  some  samples  of 
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these  metals.  What  strange-looking  metals  they  are ! 
Your  science  teacher  will  warn  you  that  you  must  not 
handle  sodium  or  potassium  in  your  fingers.  These  metals 
enter  vigorously  into  chemical  action  with  water,  and  there 
is  enough  moisture  on  your  fingers  to  cause  them  to  react 
and  produce  bad  burns.  For  this  reason  they  must  be 
handled  with  a  pair  of  forceps.  The  metals  are  kept  for 
use  under  kerosene,  for  there  is  no  chemical  action  between 

them  and  kerosene,  and 
the  kerosene  serves  as  a 
protection  from  air  and 
water. 

With  a  pair  of  forceps 
lift  a  piece  of  sodium 
from  the  jar  in  which  it  is 
kept.  The  metal  is  soft 
and  easily  cut  with  a 
knife.  Cut  a  piece  no 
larger  than  a  grain  of 
wheat.  Holding  it  at 
arm’s  length  with  the  forceps,  drop  the  small  bit  of  sodium 
into  a  dish  of  water.  Since  sodium  is  less  dense  than  water, 
it  will  float  on  the  surface.  Notice  that  chemical  action 
Some  metals  are  begins  immediately  between  the  sodium 
very  active  in  their  and  the  water.  There  is  a  rapid  release  of 
chemical  reactions  energy;  as  shown  in  Fig.  136.  Enough 

heat  is  produced  to  melt  the  metal.  It  runs  about  over 
the  surface  of  the  water,  growing  smaller  and  smaller  until 
it  finally  disappears.  At  the  same  time  gas,  which  may  be 
identified  as  hydrogen,  is  released  by  the  chemical  action. 
The  sodium  disappears,  becoming  part  of  a  chemical  com¬ 
pound,  and  this  compound  dissolves  in  the  water.  If  you 
wish  to  separate  the  compound,  you  may  do  so  by  evapo¬ 
rating  the  water.  The  compound,  sodium  hydroxide,  will 
be  left  in  the  dish  as  a  white  solid. 

Potassium  resembles  sodium.  It  is  soft,  easily  cut  with 


Fig.  136.  There  is  a  Rapid  Release  of 
Energy  when  Sodium  is  brought  into 
Contact  with  Water 


The  Usefulness  of  Metals 


247 


a  knife,  and  reacts  with  water  even  more  vigorously  than 
sodium.  Try  it,  but  remember!  Both  of  these  elements 
must  be  handled  with  extreme  care.  Never  pick  them  up 
with  your  fingers ;  always  use  a  pair  of  forceps.  Take  a  very 
small  piece  for  your  experiment.  Never  stand  near  the  dish 
when  you  drop  the  metal  into  the  water. 

Calcium  reacts  with  water  in  a  similar  manner,  but  much 
less  vigorously.  Try  this  experiment  too.  You  need  have 
no  fear  of  holding  calcium  in  your  fingers.  It  is  much 
harder  than  sodium 
and  must  be  cut  with 
a  chisel  or  a  saw. 

Calcium  is  denser 
than  water,  and  so 
sinks.  Hydrogen  is 
slowly  released  in 
bubbles  that  rise  to 
the  surface  as  chemi¬ 
cal  action  goes  on  be¬ 
tween  the  metal  and 
the  water. 

Magnesium  is  also 
a  chemically  active 
metal,  but  less  active 
than  calcium.  While  it  does  not  react  rapidly  with  water 
it  does  react  vigorously  with  oxygen.  This  metal  is  sup¬ 
plied  to  the  laboratory  in  the  form  of  long  strips  rolled 
into  a  coil.  In  this  form  it  is  called  magnesium  ribbon. 
Hold  a  short  strip  of  magnesium  ribbon  in  a  pair  of  forceps 
and  apply  a  match  to  it.  The  metal  will  burn  furiously, 
producing  an  intensely  bright  light.  On  account  of  the 
brightness  of  the  flame  magnesium  is  sometimes  used  as  a 
light  for  signaling.  Such  a  flame  may  also  be  used  to  light 
the  surface  of  the  ground  for  forced  landing  of  airplanes  at 
night.  Powdered  magnesium  is  used  in  flash-light  powder. 

To  test  the  chemical  activity  of  metals  less  active  than 


Fig.  137.  Some  Metals  are  Less  Active  in 
Chemical  Changes  than  Others 
What  results  did  you  get  from  your  experiments  ? 
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calcium,  use  acid  instead  of  water.  Place  in  each  of  five 
test  tubes  a  little  dilute  hydrochloric  acid.  Arrange  the 
tubes  in  a  rack,  as  shown  in  Fig.  137.  In  one  of  the  tubes 
place  a  small  piece  of  magnesium,  in  the  second  a  piece  of 
zinc,  in  the  third  a  piece  of  iron,  in  the  fourth  some  tin, 
and  in  the  fifth  some  copper.  Which  shows  most  and  which 
shows  least  violent  chemical  action  ? 

While  the  chemical  action  is  in  progress  bubbles  of 
hydrogen  escape  from  liquid  in  the  tubes  containing  magne¬ 
sium,  zinc,  iron,  and  tin.  If  you  bring  a  match  to  the  mouth 
of  the  test  tube,  you  may  see  that  this  gas  will  burn. 
Magnesium,  zinc,  iron,  and  tin,  as  well  as  some  other  metals, 
react  with  acid  and  produce  hydrogen.  In  the  tube  con¬ 
taining  copper  and  hydrochloric  acid  there  is  no  evidence  of 
chemical  action. 

Our  experiments  show  a  striking  contrast  between  sodium 
or  potassium  and  copper.  Sodium  reacts  vigorously  with 
water,  and  copper  does  not  react  even  with  acid.  If  we 
should  test  silver,  gold,  and  platinum,  we  should  find  that 
they  show  even  less  chemical  activity  than  copper.  Gold 
and  platinum  do  not  rust  or  become  dull  in  air  even  when 
heated.  The  other  metals  may  be  arranged  in  order  of 
chemical  activity  between  these  extremes. 

From  these  experiments  you  might  decide  that  one  way 
to  determine  the  usefulness  of  a  metal  is  to  test  its  chemi¬ 
cal  activity  when  subjected  to  acids  or 
other  chemical  substances.  This  conclusion 
would  be  correct.  But  do  not  draw  further 
conclusions  which  might  seem  to  follow. 
If,  for  example,  you  said  that  a  metal  in¬ 
creases  in  usefulness  as  its  chemical  ac¬ 
tivity  decreases,  you  would  be  wrong.  In  fact,  one  of  the 
most  important  phenomena  in  our  everyday  life  may  be 
produced  by  chemical  action,  and  this  in  turn  depends  upon 
the  chemical  activity  of  certain  metals.  These  simple  chemi¬ 
cal  changes  are  really  very  important.  Let  us  explain  this. 


The  usefulness  of 
a  metal  may  be 
determined  in  part 
by  its  durability 
when  subjected  to 
chemical  sub¬ 
stances 
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B.  How  is  Electricity  produced  by  Chemical  Action? 

Let  us  begin  by  trying  some  experiments.  First  secure 
some  strips  of  zinc,  tin,  and  copper.  Then  put  some  dilute 
acid  into  a  glass  tumbler.  You  may  use  either  hydrochloric 
of  sulfuric  acid,  but  hydrochloric  is  better  in  these  simple 
experiments,  for  it  does  not  burn  your  clothing  or  your 
fingers  so  badly  if  you  happen  to  spill  it.  Be  careful,  how¬ 
ever,  whichever  acid  you  use,  to  keep  it  off  your  hands  and 
your  clothing. 

Place  a  strip  of  zinc  in  the  acid.  Is  there  evidence  of 
chemical  action?  Do  the  same  with  a  strip  of  tin,  and 
then  with  a  strip  of  copper.  Notice  that  zinc  in  acid  shows 
evidence  of  chemical  action.  Tin  shows  some  action,  but 
less  than  zinc.  Copper  shows  no  action. 

Now  join  a  strip  of  zinc  and  a  strip  of  copper  by  means 
of  a  short  piece  of  copper  wire.  For  convenience  you  may 
use  strips  with  binding  posts  attached.  Support  them  as 
shown  in  Fig.  138.  Place  the  strips  joined  by  the  wire  in 
the  acid,  as  shown  in  Fig.  138,  A.  Watch  carefully  and 
notice  that  there  is  now  evidence  of  chemical  action  on  both 
the  zinc  and  the  copper.  Now  disconnect  Electricity  is  re- 
the  wire  joining  the  two  strips.  Is  there  leased  from  chemi- 

. ...  .  .  ,,  .  .  ,  . .  , ,  cal  action  between 

still  evidence  of  chemical  action  on  the  a  metal  and  an 
copper?  Is  there  chemical  action  on  the  acid 
zinc  ?  Clearly  the  observations  are  not  the  same  after  the 
wire  joining  the  two  strips  has  been  removed,  as  you  can 
see  from  Fig.  138,  B.  Bubbles  of  gas  rise  from  the  surface 
of  the  copper  only  while  it  is  joined  to  the  zinc.  You  see 
evidence  that  energy  is  released  by  chemical  action  between 
the  zinc  and  the  acid.  Some  of  the  energy  flows  along  the 
wire  from  the  zinc  to  the  copper.  The  evidence  of  this  flow 
is  in  the  fact  that  chemical  action  shows  on  the  copper  while 
it  is  joined  to  the  zinc,  and  that  it  does  not  show  on  the 
copper  after  it  is  separated  from  the  zinc.  The  energy  that 
flows  along  a  wire  is  electrical  energy.  This  is  produced  by 
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Fig.  138.  Electricity  may  be  produced  by  Chemical  Action 

A,  when  the  zinc  and  copper  strips  are  joined,  there  is  evidence  of  chemical  action 
on  both  strips ;  B,  when  the  wire  is  removed,  only  the  zinc  shows  evidence 
of  chemical  action.  The  wire  acts  as  a  conductor 

chemical  action  between  zinc  and  acid.  When  the  strip 
of  zinc  is  joined  with  a  wire  to  a  strip  of  copper  as  shown 
in  Fig.  138,  A,  there  is  a  flow  of  electricity  along  the  wire. 

How  may  we  explain  these  observations?  Doubtless 
you  already  know  something  of  the  electron  theory.  Let 
us  recall  it  for  you.  The  theory  supposes  that  atoms  are 
composed  of  electrons  and  protons.  Protons  are  particles, 
or  bits  of  substance,  charged  with  positive  electricity,  and 
electrons  are  negative  particles.  An  atom  is  composed  of 
an  equal  number  of  electrons  and  protons.  The  atom  is 
therefore  neither  positive  nor  negative.  It  is  neutral. 

In  chemical  changes  some  atoms  may  lose  electrons  and 
some  atoms  may  gain  electrons.  The  particle  which  remains 
Electricity  from  after  the  loss  of  an  electron  carries  a  posi- 
chemical  action  tive  charge.  (Neutral,  or  zero,  minus 

may  be  explained  , .  .  N 

by  the  use  of  the  negative  equals  positive.)  I  he  positive 
electron  theory  particle  formed  from  the  atom  in  the 

chemical  change  may  be  called  a  positive  ion.  The  particle 
that  is  formed  after  the  gain  of  an  electron  carries  a  negative 
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charge.  (Neutral,  or  zero,  plus  negative  equals  negative.) 
The  negative  particle  formed  from  the  atom  may  be  called 
a  negative  ion. 

Now  you  may  explain  the  observations  of  chemical  action 
between  zinc  and  hydrochloric  acid  in  the  following  way : 

Hydrochloric  acid  is  hydrogen  chloride  dissolved  in 
water.  Hydrogen  chloride  is  a  compound  of  two  elements, 
hydrogen  and  chlorine.  Its  formula  is  HC1.  You  know 
that  the  element  hydrogen  is  a  gas.  So  is  chlorine.  Under 
certain  conditions  these  two  elements  will  combine  and 
form  hydrogen  chloride.  This  compound,  also  a  gas,  is  very 
soluble  in  water. 

In  the  chemical  change  in  which  a  molecule  of  hydrogen 
chloride  is  formed,  a  hydrogen  atom  loses  an  electron  and 
a  chlorine  atom  gains  an  electron.  As  hydrogen  chloride 
dissolves  in  water  it  forms  a  solution,  hydrochloric  acid, 
containing  hydrogen  ions  and  chlorine  ions.  We  may  use 
the  symbol,  or  sign,  H+  to  represent  the  hydrogen  ion  and 
the  symbol  Cl“  to  represent  the  chlorine  ion. 

What  happens  when  a  strip  of  zinc  is  put  into  such  a 
solution  containing  hydrogen  and  chlorine  ions?  From 
observation  we  have  learned  that  zinc  dissolves  and  that 
hydrogen  is  released  and  escapes  as  gas.  In  other  words, 
zinc  enters  the  solution  and  hydrogen  comes  out  of  the 
solution.  The  zinc  atoms  lose  electrons,  passing  into  solu¬ 
tion  as  zinc  ions.  The  hydrogen  ions  gain  these  electrons, 
becoming  hydrogen  atoms. 

Careful  study  has  led  chemists  to  suppose  that  one 
atom  of  zinc  loses  two  electrons  as  it  changes  to  an  ion. 
The  symbol  for  the  zinc  ion  is  therefore  Zn++.  According 
to  the  electron  theory  the  change  occurring  as  zinc  reacts 
with  hydrochloric  acid  may  be  represented  as  follows : 

Zn°  — Zn++  +  2  electrons 

zinc  atom  zinc  ion 

2  H+  +2  electrons  — y  2  H° 

hydrogen  hydrogen 

ions  atoms 
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Fig.  139.  A  Wire  carrying  a  Current  shows  Magnetic  Properties 

In  A  the  switch  is  open  ;  the  wire  and  compass  needle  are  parallel.  Notice 
in  B  the  position  of  the  compass  needle  when  the  switch  is  closed 


Two  atoms  of  hydrogen  then  unite  to  form  a  molecule 
(2  H  — y  H2)  and  the  molecules  escape  from  the  surface. 

Return  now  to  the  observations  of  chemical  action  on  the 
strips  of  copper  and  zinc  as  they  were  used  in  the  apparatus 
r,  ...  .  .  shown  in  Fig.  138.  There  is  evidence  of 
theory,  a  flow  of  chemical  action  on  the  zinc  and  on  the 
electrons  copper  when  the  two  strips  are  joined  by 

a  wire.  There  is  evidence  of  chemical  action  on  the  zinc 
but  no  evidence  of  chemical  action  on  the  copper  after  the 
connecting  wire  has  been  removed.  Obviously  the  wire 
has  something  to  do  with  the  action  at  the  copper  strip  in 
the  first  case. 

You  may  explain  this  observation  if  you  suppose  that 
some  of  the  electrons  released  from  the  zinc  atoms  flow 
along  the  wire  from  the  zinc  plate  toward  the  copper  plate. 
A  current  of  electricity  is  such  a  flow  of  electrons  along  a 
wire.  The  chemical  change  on  the  copper  strip  is  the  action 
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of  these  electrons  on  hydrogen  ions.  The  electrons  have 
been  driven  to  the  surface  of  the  copper  by  chemical  action 
on  the  zinc.  Hydrogen  atoms  and  then  hydrogen  molecules 
are  there  formed  as  shown  in  the  equations  just  given. 

You  may  be  able  to  get  further  evidence  that  electricity 
will  flow  along  a  wire  from  zinc  toward  copper  when  strips 
of  these  metals  so  connected  are  put  into  acid.  Place  a 
compass  close  to  the  wire  as  shown  in  Fig.  139  and  arrange 
it  so  that  the  wire  and  the  magnetic  needle  of  the  compass 
are  parallel  before  the  two  strips  are  connected.  When  you 
connect  the  plates  you  may  see  an  effect  on  the  needle.  Such 
a  magnetic  effect  is  produced  whenever  a  stream  of  electrons 
(a  current  of  electricity)  is  flowing  through  a  wire. 

For  further  experimenting  substitute  a  strip  of  tin  for  a 
strip  of  zinc.  There  is  evidence  of  chemical  action  between 
tin  and  acid,  but  you  must  observe  closely  to  see  it. 
Electrons  are  given  up  by  tin  just  as  by  zinc,  except  that 
with  tin  the  action  is  much  slower.  A  sensitive  galva¬ 
nometer,  however,  would  give  evidence  of  a  flow  of  elec¬ 
trons  along  the  wire  from  tin  to  copper. 

These  experiments  show  that  some  metals  are  more 
active  than  others  with  hydrochloric  acid.  You  have  evi¬ 
dence  that  tin  is  less  active  than  zinc,  but  more  active  than 
copper.  You  also  know  that  calcium  is  more  active  than 
magnesium  in  its  action  with  water.  Aluminum,  another 
familiar  metal,  is  less  active  than  magnesium,  but  more 
active  than  zinc.  An  arrangement  of  common  metals  in 
order  of  their  activity  is  as  follows : 


potassium 

calcium 

sodium 

magnesium 


aluminum 

zinc 

iron 

tin 


lead 

copper 

mercury 

silver 


platinum 

gold 


In  terms  of  the  electron  theory  all  free  metals  lose  elec¬ 
trons  in  these  chemical  changes  where  a  metal  takes  the 
place  of  hydrogen  in  water  or  an  acid.  The  least  active 
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metals  do  not  form  compounds  when  exposed  to  air  and 
water.  The  active  metals  form  compounds  when  exposed 

Metals  differ  in  *0  ^  an(*  water-  ^  *s  difficult  to  Separate 
their  chemical  active  metals  from  their  compounds.  The 
activity  jegs  ac£jve  metals  are  easily  separated  from 

their  compounds.  It  is  easier,  for  example,  to  separate 
copper  from  oxygen  than  it  is  to  separate  iron  from  oxygen. 
It  is  easiest  to  separate  gold  and  platinum  from  their  com¬ 
pounds.  It  is  most  difficult  to  separate  potassium,  cal¬ 
cium,  and  sodium. 

All  the  metals  and  their  compounds  have  different  prop¬ 
erties.  These  properties  determine  how  the  metals  shall 
be  used.  Zinc,  for  example,  is  used  in  the  manufacture  of 
dry  cells.  Other  metals  could  be  used  but  no  other  metal 
is  so  satisfactory.  Lead  is  used  for  storage  batteries,  copper 
is  used  as  a  conductor  of  electricity,  silver  is  used  for  coins, 
and  so  on.  In  each  case  the  particular  property  of  a  metal 
together  with  its  relative  abundance  determines  how  a 
metal  shall  be  used.  You  may  learn  more  about  the  rela¬ 
tions  of  uses  and  properties  as  you  continue  your  study 
of  materials. 


The  usefulness  of  metals  is  determined  by  their  properties. 


Can  You  Answer  these  Questions? 

1.  Why,  if  aluminum  is  more  common  than  iron  in  the  crust 
of  the  earth,  do  we  use  more  iron  in  industry? 

2.  What  are  two  good  reasons  why  some  metals  are  more 
expensive  than  others? 

3.  Why  is  magnesium  used  in  flash-light  powder? 

4.  Can  you  give  some  examples  to  show  that  the  usefulness  of 
a  metal  is  determined  by  its  chemical  activity? 

5.  What  are  the  main  suppositions  of  the  electron  theory? 
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6.  What  is  an  ion  ?  What  part  does  an  ion  play  in  the  pro¬ 
duction  of  electricity  by  chemical  action  ?  When  is  an  ion  posi¬ 
tive  ?  When  is  an  ion  negative  ? 

7.  Can  you  give  a  simple  definition  of  current  electricity? 

8.  How  may  the  differences  in  the  activity  of  elements  in 
chemical  changes  be  explained  in  terms  of  the  electron  theory? 

9.  Why  is  an  atom  neither  positive  nor  negative? 

10.  Why  do  bubbles  form  on  the  copper  strip  illustrated  in 
Fig.  138  only  when  the  zinc  and  copper  are  joined  with  a  wire? 


Questions  for  Discussion 

1.  Which  are  found  free  in  nature,  the  active  metals  or  the 
less  active  metals?  Why? 

2.  Can  you  give  any  examples  which  will  support  the  state¬ 
ment  that  man  adapts  himself  to  the  resources  which  the  en¬ 
vironment  provides? 

3.  Is  there  any  reason  why  the  flow  of  electricity  along  a  wire 
might  not  as  well  be  from  copper  to  zinc  as  from  zinc  to  copper  ? 

4.  Why  should  it  be  easier  to  separate  gold  and  platinum 
from  compounds  than  to  separate  potassium  and  sodium?  Re¬ 
member  that  the  latter  are  among  the  more  active  metals. 


Here  are  Some  Things  You  May  Want  to  Do 

1.  See  if  you  can  find  any  uses  which  are  being  made  of  some 
of  the  less  abundant  elements.  Krypton  and  xenon,  for  example, 
are  used  in  colored  lighting,  and  tungsten  is  used  for  electric- 
light  filaments.  What  others  can  you  find?  Study  vanadium, 
tellurium,  thorium,  and  titanium.  Use  the  encyclopedia. 

2.  Test  various  metals  for  their  capacity  to  produce  electricity. 
Take  strips  of  different  metals  of  the  same  size,  a  tumbler  of 
acid,  and  a  compass.  How  should  you  determine  which  of  the 
metals  has  the  greatest  capacity  for  the  production  of  electricity  ? 

3.  Substitute  a  strip  of  carbon  for  the  strip  of  copper  in  the 
experiments  described  on  pages  249-250.  Use  a  compass  or  a 
galvanometer  and  determine  which  metal  joined  to  carbon  with 
a  wire  gives  the  strongest  and  which  the  weakest  flow  of  electrons. 


Chapter  XIII  •  What  are  the  Uses  of  Metals 
Other  than  Iron  ? 

We  have  said  that  in  one  year  the  quantity  of  iron  used 
is  many  times  greater  than  the  total  quantity  of  all  other 
metals  put  together.  Yet  the  industries  of  today  could  not 
be  carried  on  as  they  are  with  iron  alone.  A  number  of 
other  metals  have  become  necessary  to  the  industries  of 
our  Machine  Age.  Perhaps  you  may  secure  some  idea  of  the 
importance  of  some  of  these  other  metals  by  studying  the 
table  below,  which  shows  the  number  of  tons  (short  tons) 
of  different  metals  produced  in  the  United  States  during 
the  year  1930. 


Pig  iron  .  .  . 

.  .  .  .  33,493,996 

Aluminum  .  .  . 

.  .  .  .  114,517 

Copper  .  .  . 

.  .  .  .  697,200 

Silver  .... 

.  .  .  .  2,119 

Lead  .... 

.  .  .  .  573,740 

Mercury  .... 

.  .  .  .  814 

Zinc  .... 

.  .  .  .  489,361 

Gold . 

.  .  .  .  96 

The  demand  for  other  metals,  such  as  copper  and  lead, 
has  increased  in  this  Machine  and  Electrical  Age  just  as  has 
the  demand  for  iron.  There  was  comparatively  little  use 
for  copper  before  the  days  of  the  electrical  industries.  For 
example,  only  about  seven  hundred  tons  of  copper  were  pro¬ 
duced  in  1850  in  the  United  States.  Chiefly  because  it  is 
an  excellent  conductor  of  electric  current,  nearly  1400  times 
as  much  was  produced  in  1929.  Likewise  the  demands  for 
lead  increased  enormously  after  we  learned  how  to  make 
The  iron  Age  de  storage  batteries.  If  all  the  metals  pro- 

pends  to  a  great  duced  in  the  United  States  in  one  year  were 

metals  UP°n  °ther  krought  together,  what  a  tremendous  pile 
it  would  be !  Iron  alone  would  make  nearly 
a  600-foot  cube.  There  would  be  enough  copper  for  a  150- 
foot  cube.  Along  with  these  immense  cubes  of  iron  and 
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Fig.  140.  The  Demands  for  Coal  and  Petroleum  have  increased.  The 
Charts  show  Production  in  the  United  States 


copper  there  would  be  a  5-foot  cube  of  pure  gold.  At  the 
same  time  with  the  use  of  metals  the  demands  for  coal  and 
petroleum  have  increased.  The  rate  of  increase  in  the 
demands  for  coal  and  petroleum  and  for  metals  since  1850 
is  shown  in  Figs.  140  and  141. 

You  already  know  something  about  the  chemical  ac¬ 
tivity  of  metals  other  than  iron.  You  have  also  learned 
a  little  about  how  these  other  metals  are  used  and  why 
they  are  used  as  they  are.  Let  us  go  into  these  last  two 
matters  at  greater  length. 

A.  What  are  Some  of  the  Uses  of  Zinc  ? 

Probably  the  most  familiar  use  of  zinc  is  for  dry  cells,  a 
common  source  of  electricity.  Its  chemical  properties,  which 
you  have  already  studied,  make  zinc  useful  for  this  purpose. 
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Suppose  you  find  out  how  a  dry  cell  is  made.  Take  the 
paper  cover  off  an  old  dry  cell.  Directly  beneath  it  you 
will  find  a  metal  can.  This  can  is  made  of  zinc.  You  may 
cut  it  down  through  the  middle  with  a  saw  or  a  pair  of  old 
shears.  Fig.  142  will  help  you  to  interpret  what  you  see. 
Inside  the  zinc  can  is  a  layer  of  absorbent  paper  which  has 

been  thoroughly  mois¬ 
tened  with  a  solution  of 
ammonium  chloride.  In¬ 
side  the  paper  is  a  black 
mixture.  This  is  com¬ 
posed  chiefly  of  powdered 
charcoal  and  manganese 
dioxide.  These  sub¬ 
stances  also  have  been 
well  moistened.  The  cell 
is  not  really  dry,  then.  If 
it  were  it  would  be  useless. 
Through  the  center  is  a 
carbon  rod  extending 
nearly  to  the  bottom  of 
the  can.  This  rod  does 
not  quite  touch  the  ab¬ 
sorbent  paper  at  the  bot¬ 
tom  of  the  cell.  The  can 
is  sealed  across  the  top 
with  pitch  or  a  similar  substance.  This  holds  the  carbon  rod 
in  place.  At  the  same  time  the  evaporation  of  moisture  is 
prevented.  Pitch  is  a  poor  conductor  of  electricity;  so 
electricity  does  not  flow  between  the  zinc  and  the  carbon 
through  the  pitch. 

You  have  already  observed  that  zinc  acts  chemically 
with  acid.  We  explained  how  zinc  atoms  lost  electrons  and 
became  zinc  ions.  There  is  similar  chemical  action  between 
zinc  and  ammonium  chloride. 


1830  ’40  ’50  ’60  70  ’80  ’90 1900  10  ’20  ’30 

Fig.  141.  This  Chart  shows  Amount  of 
Four  Metals  used  in  the  United  States 


from  1830  to  1930 
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There  are  two  binding  posts  on  a  dry  cell.  One  is  at¬ 
tached  to  the  zinc  and  the  other  to  the  carbon.  When  these 
posts  are  joined  with  a  wire,  electricity  ,  .  . 

flows  along  the  wire.  You  may  think  of  manufacture  of 
the  flow  of  electricity  as  a  flow  of  electrons  llry  cells 
from  the  zinc  toward  the  carbon.  Since  electrons,  or  nega¬ 
tive  particles,  flow  from  the  zinc  post,  zinc  is  negative.  Car¬ 
bon  is  positive.  When 
the  posts  are  joined, 
chemical  action  be¬ 
tween  zinc  and  ammo¬ 
nium  chloride  goes  on 
rapidly.  After  the  con¬ 
nection  between  the 
two  posts  is  broken  so 
that  electrons  cannot 
flow  away  from  the 
zinc,  there  is  but  little 
evidence  of  chemical 
action  within  the  cell. 

If  the  cell  is  short- 
circuited,  chemical  ac¬ 
tion  inside  the  cell  soon 
destroys  it. 

The  fact  that  the 
metal  zinc  is  a  chemi¬ 
cally  active  element 
makes  it  useful  for  dry  cells.  You  observed  magnesium  to 
be  more  active  than  zinc.  On  that  account  wouldn’t  mag¬ 
nesium  make  even  better  dry  cells  than  zinc  ?  It  probably 
would,  but  at  present  magnesium  is  too  expensive  to  be 
used  in  this  way. 

Another  use  of  zinc  is  for  galvanizing  iron.  Galvanized 
iron  is  iron  covered  with  a  thin  coating  of  zinc.  More  zinc 
is  used  for  making  galvanized  iron  than  for  any  other 


Sand- 

Manganese 
dioxide 
and  carbon 


Paper 

soaked  with 
sal  ammoniac- 


Paper  jacket- 


Sealing  wax 
Corrugated 
paper 


■  Zinc 
electrode 


Fig.  142.  Zinc  is  used  in  the  Manufacture 
of  Dry  Cells 
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purpose.  Water  pails  and  garbage  pails  are  made  of  gal¬ 
vanized  iron.  Sheet  iron  is  usually  galvanized,  for  zinc 
Zinc  has  many  uses  protects  the  iron  from  rusting.  When  zinc 
in  modern  life  is  exposed  to  air,  a  chemical  change  takes 
place,  forming  a  thin  layer  of  a  zinc  compound  over  the 
surface  of  the  zinc.  This  chemical  change  is  similar  to  the 
change  that  goes  on  when  iron  rusts.  This  compound  of- 
zinc,  however,  is  different  from  iron  rust  in  at  least  one 
important  respect :  it  sticks  fast  to  the  surface  over  which 
it  forms  and  protects  the  metal  from  further  rusting,  but 
iron  Tust  scales  off  as  it  forms  and  leaves  fresh  surfaces  of 
metal  exposed  to  the  air. 

Two  compounds  of  zinc,  namely  zinc  oxide  (ZnO)  and 
zinc  sulfide  (ZnS),  are  used  in  white  paint.  Zinc  oxide  is 
known  to  painters  as  zinc  white.  Zinc  oxide  is  also  used  in 
the  manufacture  of  rubber  and  in  the  manufacture  of  brass. 

Deposits  of  zinc  ore  are  neither  numerous  nor  large. 
Then,  too,  the  rate  at  which  it  is  used  in  the  United  States 
(Fig.  142)  has  increased  from  about  23,000  tons  in  1870  to 
more  than  600,000  tons  in  1929.  Besides  this,  only  about 
one  eighth  of  the  quantity  used  in  industry  is  recovered 
for  use  again.  What  shall  we  do  when  there  is  no  more? 
What  do  you  think? 

B.  What  are  Some  of  the  Uses  of  Lead,  and  Why  is  it 
Especially  Satisfactory  for  these  Purposes  ? 

One  of  the  most  important  uses  of  lead  is  in  the  form  of 
lead  plates  in  storage  batteries  used,  for  example,  as  a  source 
Lead  is  used  in  of  electricity  in  automobiles.  A  cross  sec- 
storage  batteries  tion  0f  such  a  battery  is  shown  in  Fig.  143. 
If  you  could  examine  the  plates  of  one  of  the  cells  in  the 
battery,  you  would  see  that  they  are  not  alike.  One  is 
gray  in  appearance;  the  other  is  dark  brown.  The  gray 
one  is  lead.  The  other  is  covered  with  a  compound  of  lead 
known  as  lead  peroxide  (Pb02). 
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Fig.  143.  Lead  in  the  Form  of  Plates  is  used  in  a  Storage  Battery 


The  plates  stand  in  a  solution  of  sulfuric  acid.  When  the 
binding  posts  on  the  plates  are  joined  by  a  wire,  electrons 
flow  from  the  lead  plate  toward  the  lead  peroxide  plate. 
Chemical  action  between  lead  and  sulfuric  acid  produces 
electrons,  just  as  chemical  action  between  zinc  and  acid 
produces  electrons.  Thus  lead  forms  the  negative  plates 
in  the  discharging  of  a  storage  battery. 

You  know,  of  course,  that  a  storage  battery  may  be  "re¬ 
charged.”  The  chemical  change  in  charging  is  in  a  sense 
the  reverse  of  the  chemical  change  in  dis-  The  operation  of  a 

charging.  Each  cell  is  joined  to  a  source  storage  battery  is 
.  .  .  . ,  .  ,  based  upon  the 

oi  current  m  such  a  way  that  electrons  are  chemical  activity 

made  to  flow  away  from  the  positive  plate  of  lead 

to  the  negative  plate.  Electrons  are  forced  back  to  the 

atoms  on  the  negative  plate.  The  cell  may  be  repeatedly 

charged  and  discharged. 

Another  form  of  lead  in  common  use  is  a  compound  of 
lead  called  basic  lead  carbonate.  It  is  used  to  a  great  ex¬ 
tent  in  the  manufacture  of  white  paint.  Painters  know 
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this  compound  as  white  lead.  In  appearance  it  resembles 
zinc  white.  For  reasons  which  you  may  learn  from  some 
experiments,  zinc  white  is  satisfactory  for  interior  decora¬ 
tions  while  white  lead  is  not. 

In  this  experiment  you  will  need  some  simple  chemicals. 
Place  a  few  small  pieces  of  iron  sulfide  in  a  test  tube  that 
has  been  fitted  with  a  one-hole  rubber  stopper  and  delivery 
tube,  as  shown  in  Fig.  144.  In  a  second  test  tube  place  a 
quantity  of  zinc  chloride  (or  zinc  acetate  or  zinc  nitrate) 
about  equal  in  size  to  a  grain  of  wheat.  In  a  third  test  tube 
place  a  small  bit  of  lead  nitrate.  Into  the  tube  containing 
the  compound  of  zinc  pour  water  until  the  tube  is  half  full. 
Do  the  same  to  the  tube  containing  the  compound  of  lead. 
Then  place  these  tubes  in  a  rack,  as  shown  in  the  picture. 

Pour  into  the  test  tube  containing  iron  sulfide  just 
enough  water  to  cover  the  substance.  Add  an  equal 
amount  of  dilute  hydrochloric  acid.  The  tube  is  now  about 
one  third  full.  Chemical  action  begins,  and  a  foul-smelling 
gas  starts  to  escape  from  the  tube.  Set  the  stopper  with 
the  delivery  tube  into  the  test  tube  and  cause  the  gas  to 
flow  into  the  solution  of  zinc  chloride.  Fig.  144  shows  how 
this  is  done.  Now  you  see  another  chemical  change.  A  white 
substance  forms  as  the  gas  flows  into  the  solution.  Trans¬ 
fer  the  delivery  tube  so  as  to  cause  the  gas  to  flow  into  the 
solution  of  lead  nitrate.  Again  you  see  a  chemical  change. 
This  time  a  black  substance  is  formed. 

How  does  all  this  show  that  zinc  white  is  satisfactory 
for  a  decorative  paint  while  white  lead  is  not?  The  foul¬ 
smelling  gas  given  off  from  the  action  of  hydrochloric  acid 
and  iron  sulfide  is  contained  in  coal  smoke;  it  is  a  com¬ 
pound  of  hydrogen  and  sulfur,  and  is  called  hydrogen  sul¬ 
fide.  What  happened  in  your  experiment  when  this 
hydrogen  sulfide  met  the  solution  of  zinc  chloride?  What 
happened  when  it  met  the  solution  of  lead  nitrate  ?  What, 
then,  would  be  likely  to  happen  in  homes  where  coal  is 
burned,  if  white  lead  paint  were  used  ? 
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Fig.  144.  Zinc  White  is  Satisfactory  for  Interior  Decorations,  while  White 

Lead  is  Not 

Were  the  results  of  your  experiment  similar  to  those  described  in  the  text? 


Another  important  use  of  lead  is  in  the  manufacture  of 
lead  pipe  for  plumbing.  Lead  is  also  used  in  the  manu¬ 
facture  of  several  alloys.  The  type  used  in  printing  is 
made  of  an  alloy  of  lead,  tin,  and  antimony.  Lead  shot  is 
made  of  an  alloy  of  lead  and  arsenic.  Solder  and  fuse  wire 
are  also  lead  alloys.  Wood's  metal  is  an  alloy  made  of 
lead,  tin,  bismuth,  and  cadmium.  The  alloy  melts  at 
about  60°  C.  or  140°  F.  A  spoon  made  of  it  would  melt 
in  hot  soup  or  hot  coffee.  Such  alloys  of  low  melting  point 
have  some  important  uses. 

Like  zinc,  lead  is  not  found  in  abundance ;  and  we  are 
using  it  at  the  rapid  rate  of  about  600,000  tons  a  year. 
Two  hundred  thousand  tons  go  into  paints  T  .  1M  ,  _ 

Is  it  likely  thcit 

and  are  lost.  Of  the  400,000  tons  that  go  substitutes  for  lead 
into  manufactured  articles  only  half  will  t0  be 

be  recovered  from  the  junk  heap  and  used 
over  again.  Thus  it  is  possible  that  a  future  civilization 
will  find  it  necessary  to  use  some  other  metal  as  a  sub¬ 
stitute  for  lead. 
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C.  What  are  the  Uses  of  Copper,  and  Why  ? 

You  know  copper  best  as  copper  wire.  Hundreds  of 
thousands  of  miles  of  it  are  strung  over  the  world  for  use 
in  communication  by  telephone  and  telegraph  and  for  con- 
Copper  is  a  good  veyinS  electrical  energy  for  light,  heat,  and 
conductor  of  elec-  power.  There  are  several  reasons  why  cop¬ 
per  is  used  for  this  purpose.  It  is  one  of  the 
best  conductors  of  electricity.  It  may  be  easily  drawn  into 
wire.  It  does  not  rust.  And  it  is  fairly  abundant.  Why 

wouldn't  iron,  for  instance, 
or  silver,  do  just  as  well  ?  Iron 
is  not  nearly  such  a  good 
conductor  of  electricity  as 
is  copper.  Besides,  it  rusts. 
Silver  is  a  better  conductor 
than  copper  but  is  much  too 
expensive  for  ordinary  use 
as  wire.  When  these  consid¬ 
erations  are  taken  into  ac¬ 
count,  copper  proves  to  be 
the  most  satisfactory  metal 
to  use  in  electrical  circuits. 

You  will  recall  that  copper  is  not  active  in  chemical 
changes.  Since  it  does  not  combine  readily  with  other  ele¬ 
ments,  it  is  often  found  in  mines  as  free  copper.  It  is 
found  in  this  form  in  the  mines  of  northern  Michigan. 
These  mines  were  worked  by  the  Indians  before  Columbus 
discovered  America.  The  most  abundant  ores,  however,  con¬ 
tain  compounds  of  copper  with  oxygen  or  sulfur.  It  is  easy 
to  separate  the  metal.  Would  you  like  to  try  it  and  see? 

Mix  about  equal  parts  of  black  copper  oxide  in  the  form 
of  powder  with  finely  powdered  charcoal  (carbon).  Place 
the  mixture  in  a  test  tube  and  heat  over  a  flame,  as  in 
Fig.  145.  Let  it  get  very  hot,  and  continue  heating  for  two 
or  three  minutes.  After  it  has  cooled,  pour  the  mixture 


Fig.  145.  It  is  Easy  to  separate 
Copper  Oxide  from  Carbon 
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from  the  test  tube  onto  a  piece  of  white  paper.  Is  there 
evidence  that  copper  has  been  separated  from  the  oxide? 
The  chemical  change  may  be  shown  by  a  simple  equation : 


2  CuO  +  C  - 

copper  oxide  carbon 


2  Cu 

copper 


+  CO2 

carbon  dioxide 


Copper  used  in  electrical  industries  must  be  pure.  Cop¬ 
per  wire  containing  as  much  as  0.8  per  cent  arsenic  or 
0.5  per  cent  silica  offers 
more  than  three  times  as 
much  resistance  to  the 
flow  of  electricity  as  wire 
that  is  free  from  these 
impurities.  Nearly  pure 
copper  is  prepared  by  a 
process  of  electrolysis. 

You  may  easily  demon¬ 
strate  the  process  in  the 
laboratory. 

Set  up  apparatus,  or 
equipment,  like  that  in 
Fig.  146.  Place  in  the 
tumbler  a  solution  of  cop¬ 
per  sulfate  and  add  a  few 
drops  of  sulfuric  acid  to  it. 

Set  a  strip  of  copper  and 
a  strip  of  carbon  (in  the 

form  of  graphite)  in  the  solution  and  attach  them  to  the 
terminals  of  a  dry  cell.  The  dry  cell  is  attached  so  that  the 
positive  post  of  the  cell  (the  one  in  the  center)  is  attached 
to  the  copper  and  the  negative  post  is  attached  to  the  car¬ 
bon.  Leave  the  dry  cell  connected  in  this  manner  for  a  few 
minutes  and  then  take  the  carbon  from  the  solution.  What 
has  happened  ?  A  plating  of  nearly  pure  copper  has  formed 
on  the  carbon  rod. 

This  process  of  electrolysis  is  the  same  as  the  process 
used  in  electroplating.  The  carbon  rod  of  our  experiment 


Fig.  146.  Copper  Plating  is  really  a 
Form  of  Electrolysis 

Your  text  explains  what  happens  during 
the  plating  process 
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is  electroplated.  You  may  electroplate  a  knife  blade  if 
you  set  the  blade  in  the  solution  (Fig.  146)  in  place  of  the 
carbon  rod.  Silver  plating  and  gold  plating  are  done  in 

Copper  plating  is  the  ?ame  way  as  C0PPer  plating.  In  silver 
really  a  form  of  plating  a  strip  of  silver  must  be  used  in 
electrolysis  place  of  the  copper,  and  a  silver  compound 

must  be  used  in  place  of  copper  sulfate.  For  gold  plating 
a  strip  of  gold  and  a  solution  of  a  gold  compound  must  be 
used. 

The  electron  theory  may  again  be  used  to  explain  the 
chemical  changes  that  take  place  during  electroplating 
and  during  the  refining  of  copper.  Molecules  of  copper 
sulfate  (CuSCh)  in  solution  form  copper  ions  (Cu++)  and 
sulfate  ions  (SO4--).  The  copper  ion  is  an  atom  that  has 
lost  two  electrons.  The  two  negative  charges  on  the  sul¬ 
fate  ion  indicate  that  it  carries  two  extra  electrons.  The 
solution  contains  an  equal  number  of  these  negative  and 
positive  ions. 

What  happens  when  the  apparatus  is  set  up  as  in  Fig. 
146  ?  There  is  a  flow  of  electrons  in  the  direction  indicated 
by  the  arrows  in  the  drawing.  Within  the  solution  copper 
ions  are  moving  about  and  bumping  against  the  two  plates. 
At  the  same  time  electrons  from  the  dry  cell  are  moving 
to  the  carbon  plate.  These  electrons  will  combine  with 
some  of  the  copper  ions  and  thus  form  copper  atoms. 

Cu++  +  2  electrons  — *■  Cu° 

While  electrons  from  the  dry  cell  are  moving  toward  the 
carbon,  at  the  same  time  electrons  are  moving  from  the 
copper  plate  back  to  the  dry  cell.  Atoms  of  copper  in 
the  copper  plate  are  losing  electrons  and  becoming  ions: 

Cu°  — *-  Cu++  +  2  electrons 

As  copper  ions  are  formed  they  pass  into  solution. 

The  changes  on  the  copper  plate  are  in  a  sense  opposite 
to  the  changes  on  the  carbon  plate.  At  the  copper  plate, 
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copper  atoms  lose  electrons,  leave  the  copper  plate,  and 
go  into  solution  as  copper  ions.  At  the  carbon  plate,  copper 
ions  gain  electrons,  leave  the  solution,  and  deposit  on  the 
carbon  as  copper  atoms.  The  changes  from  copper  atoms 
to  copper  ions  and  from  copper  ions  to  copper  atoms  go  on 
at  the  same  rate.  Electrical  energy  from  the  dry  cell 
causes  these  chemical  changes. 

All  the  copper  in  the  wires  strung  over  the  land  has  been 
purified,  or  refined,  by  a  process  like  this  one.  In  refining 
copper  a  large  plate  of  the  unpurified  copper  is  used.  In¬ 
stead  of  carbon  for  the  other  pole  a  thin  plate  of  previously 
purified  copper  is  used.  As  described  above,  copper  con¬ 
tinuously  goes  into  solution  from  the  plate  of  impure  copper. 
At  the  same  time  a  deposit  of  pure  copper  is  formed  at  the 
other  pole.  The  impurities  either  do  not  go  into  solution 
or  else  are  not  deposited  under  the  conditions  of  the 
electrolysis. 

Copper  has  some  important  alloys.  Brass  is  an  alloy 
of  copper  and  zinc.  Bronze,  as  you  know,  is  an  alloy  of 
copper  and  tin.  One-cent  pieces  are  made  of  bronze.  Other 
coins  are  made  of  copper  alloys.  Our  five-cent  piece  (nickel) 
is  three  fourths  copper  and  one  fourth  nickel.  Silver  coin 
is  90  per  cent  silver  and  10  per  cent  copper.  Gold  coin  is 
90  per  cent  gold  and  10  per  cent  copper.  Each  alloy  has 
properties  that  make  it  useful  for  particular  purposes.  The 
mixture  of  copper  with  gold  and  silver,  for  instance,  makes 
these  pure  metals  harder,  and  thus  satisfactory  for  use  as 
coin  metal. 

Under  normal  conditions  we  use  copper  in  the  United 
States  at  the  rate  of  about  750,000  tons  per  year.  Of  this 
amount  about  one  half  is  copper  that  has  been  previously 
used.  The  other  half  comes  directly  from  the  mines.  Thus 
you  see  that  the  stock  of  copper,  like  the  stocks  of  zinc 
and  lead,  is  being  rapidly  reduced.  It  seems  certain  that 
at  some  time  in  the  future  substitutes  for  copper  must 
be  found. 
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Fig.  147.  Tin  is  largely  used  in  the  Canning  Industries 
Machinery  even  makes  tin  cans ! 


D.  What  are  the  Uses  of  Tin,  and  Why  is  it  used 
for  these  Purposes  ? 

You  are  most  familiar  with  tin  in  tin  cans,  tinware  used 
in  the  kitchen,  and  tin  foil.  But  none  of  these  articles  really 
contains  much  tin.  This  metal  is  scarce  and  therefore  ex¬ 
pensive.  Only  very  small  deposits  of  tin  have  been  found 
in  North  America.  Most  of  the  world’s  supply  comes  from 
the  Malay  Peninsula  and  the  islands  of  the  East  Indies. 
Tin  cans  and  tin  kitchen  utensils  are  mostly  iron,  with  only 
a  thin  coating  of  tin.  Iron  coated  with  tin  is  known  as  tin 
plate.  Tin  foil  is  an  alloy  of  lead  and  tin,  in  which  there 
may  be  more  lead  than  tin.  As  with  other  metals,  the  prop¬ 
erties  of  tin  determine  its  uses.  This  metal  is  more  active 
Tin  is  scarce  and  in  chemical  changes  than  lead  and  copper, 
expensive  but  less  active  than  zinc  and  iron.  It  is 

useful  as  a  coating  for  tin  cans  and  kitchen  utensils  because 
it  is  not  attacked  by  fruit  or  vegetable  juices. 
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No  important  deposits  of  tin  ore  have  been  found  in  the 
United  States ;  so  we  must  import  nearly  all  that  we  use. 
In  fact,  there  are  no  large  deposits  known  to  exist  anywhere 
in  the  world.  Such  supplies  as  are  known  are  being  rapidly 
used.  In  the  United  States  we  use  annually  about  90,000 
tons  of  this  metal.  Of  this  more  than  one  third  is  used 
for  tin  plate.  Almost  all  of  it  is  lost,  as  tin  cans  and  other 
articles  made  from  it  are  thrown  away  after  they  have 
been  used. 


E.  What  are  the  Uses  of  Aluminum,  and  Why  is  it 
used  for  these  Purposes  ? 

Among  the  metals  in  common  use  today  aluminum  is  a 
newcomer.  The  metal  was  first  separated  from  one  of  its 
compounds  about  1825,  but  only  an  ex-  The  extraction  of 
tremely  small  amount  was  produced.  As  aluminum  depends 
late  as  1885  the  metal  was  almost  unknown  upon  electncity 
outside  chemical  laboratories.  During  that  year  not  more 
than  three  tons  of  the  metal  was  produced  in  the  whole 
world.  Gold  was  much  more  abundant.  During  that  same 
year  the  world  production  of  gold  was  more  than  200  tons. 
About  1886,  however,  a  method  was  perfected  by  which 
aluminum  could  be  prepared  in  large  quantities.  From  then 
onward  there  has  been  a  rapid  increase  in  the  rate  of  its 
production.  This  is  shown  in  Fig.  141. 

In  the  crust  of  the  earth  aluminum  is  the  most  abundant 
of  all  metals.  It  occurs  in  feldspar,  the  most  abundant 
mineral  on  earth,  to  the  extent  of  more  than  10  per  cent. 
It  makes  up  more  than  20  per  cent  of  kaolin,  the  chief 
substance  in  common  clay.  But  neither  of  these  compounds 
is  an  ore  of  the  metal,  for  no  practical  method  has  yet  been 
worked  out  for  separating  aluminum  from  them.  The  ore 
from  which  we  obtain  aluminum  is  a  form  of  aluminum 
oxide  called  bauxite  (pronounced  bo'zlt).  It  is  not  abundant 
like  iron  ore,  but  it  is  found  in  considerable  quantities. 
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You  have  learned  something  about  the  methods  used  by- 
primitive  men  to  separate  copper,  iron,  and  tin  from  ore. 
Why  didn’t  some  early  experimenter  hit  upon  a  method  for 
doing  the  same  thing  with  aluminum  ?  One  answer  is  that 
until  recently  there  was  no  source  of  energy  with  which  it 
could  be  done.  Aluminum  is  a  product  of  the  electrical 
industries.  Before  the  days  of  electricity  there  could  be 
no  aluminum. 

The  striking  feature  about  aluminum  is  its  low  density. 
Compare  the  density  of  a  block  of  aluminum  with  the 
The  den t  f  density  of  blocks  of  iron,  lead,  copper,  and 

aluminum  is  less  ^ny  other  metal  you  may  have.  A.  block  of 

than  that  of  many  aluminum  weighing  340  grams  was  found 
by  one  class  to  have  a  volume  of  125  cubic 
centimeters.  That  means  that  the  density  of  aluminum  is 
about  2.7  (340  -s-  125  =  2.72).  But  a  block  of  steel  of 
125  cubic  centimeters  was  found  to  weigh  about  960  grams. 
The  density  of  steel  is  therefore  about  7.7,  nearly  three 
times  the  density  of  aluminum.  The  low  density  of  alu¬ 
minum  suggests  uses  which  may  be  made  of  it. 

An  important  measure  of  the  usefulness  of  a  metal  for 
construction  work,  however,  is  its  tensile  strength.  This  is 
a  measure  of  the  force  required  to  break  by  pulling,  and 
is  usually  stated  in  pounds  per  square  inch.  The  tensile 
strength  of  aluminum  is  about  35,000  pounds  per  square 
inch.  In  other  words,  a  rod  of  1  square  inch  in  cross  section 
will  support  a  load  of  this  amount.  If  the  load  is  increased 
beyond  this  point,  the  rod  will  break. 

The  tensile  strength  of  aluminum,  unfortunately,  is  low 
compared  with  that  of  steel.  One  grade  of  steel,  for  in- 
The  tensile  stance,  has  a  tensile  strength  of  460,000 

strength  of  alumi-  pounds  per  square  inch,  more  than  thir- 
num  is  low  teen  times  the  tensile  strength  of  alu¬ 

minum.  It  is  not  strange,  therefore,  that  experimenters 
among  metal-workers  have  attempted  to  see  what  could 
be  done  about  making  alloys  of  aluminum  with  greater 
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tensile  strength  and  at  the  same  time  no  greater  density. 
Their  experiments  have  been  fairly  successful.  Duralu¬ 
min  is  an  alloy  of  aluminum  with  small  percentages  of 
copper,  magnesium,  and  manganese.  Its  density  is  less 
than  3.  Magnalium  is  an  alloy  of  aluminum  and  magne¬ 
sium.  Its  density  ranges  between  2.0  and  2.5.  The  use 
of  alloys  such  as  these  will  certainly  increase,  for  a  change 
which  reduces  the  weight  of  a  material  without  reducing 
its  strength  is  generally  in  the  direction  of  improvement.  *i 

There  are  great  opportunities  in  railroading  as  well  as 
in  automobiles,  airplanes,  and  dirigibles  for  these  less  dense 
alloys.  The  average  passenger  train  running  between  New 
York  City  and  Chicago  weighs  about  850  tons.  The  engine 
alone  weighs  over  300  tons,  and  each  car  weighs  about 
80  tons.  Such  a  train  is  made  mostly  of  steel.  What  an 
enormous  saving  in  fuel  there  might  be  if  these  trains  could 
be  made  of  aluminum  alloy!  Some  new  trains  have  been 
built  of  these  new  alloys.  You  will  study  them  in  more  de¬ 
tail  later,  but  you  can  secure  some  idea  of  the  value  of 
aluminum  from  the  fact  that  one  of  these  trains  has  a  total 
weight,  engine  and  all,  of  80  tons,  the  weight  of  one  car  in 
the  ordinary  train.  This  train  may  be  driven  as  fast  as 
110  miles  per  hour,  and  the  cost  to  the  passenger  may  be  not 
more  than  one  third  the  cost  for  travel  at  the  present  rate. 
This  illustration  is  sufficient  to  suggest  some  of  the  changes 
that  may  come  through  the  use  of  aluminum  and  its  alloys. 

We  are  using  aluminum  in  the  United  States  at  the  rate 
of  about  550,000  tons  per  year  (see  Fig.  141).  This  is  a 
small  amount  compared  to  the  amount  of  Because  of  its  low 
iron  that  is  used.  With  the  rapid  expan-  density  aluminum 
sion  of  the  use  of  airplanes  and  dirigibles,  metal  in  modern 
however,  there  will  certainly  come  a  rapid  engineering 
increase  in  the  use  of  this  metal.  Along  with  this  increase 
there  will  probably  come  an  increase  in  the  use  of  mag¬ 
nesium.  For  certain  uses  there  seems  to  be  great  promise 
in  alloys  of  these  two  metals. 
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The  cost  of  aluminum  today  is  considerably  greater 
than  the  cost  of  steel.  But  as  its  use  is  extended  the  cost 
of  production  will  certainly  be  reduced.  Somebody  may, 
and  probably  will,  give  us  before  long  an  efficient  method 
for  making  aluminum  from  clay.  Because  of  the  abun¬ 
dance  of  the  supply,  it  may  be  expected  that  this  metal  will, 
in  large  measure,  take  the  place  of  iron  and  steel.  In  fact, 
there  seems  to  be  very  good  reason  to  think  that  we  may 
shift  gradually  from  an  Age  of  Iron  to  an  Age  of  Aluminum, 
just  as  at  earlier  times  there  were  shifts  from  an  Age  of 
Stone  to  an  Age  of  Bronze  and  from  an  Age  of  Bronze  to 
an  Age  of  Iron. 


F.  What  about  Other  Metals  ? 

These  most  familiar  metals  are  by  no  means  the  only 
ones  of  importance  to  industry.  On  the  contrary,  some  of 
...  ,  the  least  familiar  are  very  important, 

many  metals  are  There  is  vanadium,  for  instance,  only  a  few 

of  their \ mp o r tanc e  tenths  °f  a  Per  Cent  °f  which  enormously 

in  the  manufacture  increases  the  tensile  strength  of  steel. 

Vanadium  steel  is  used  for  automobile 
parts  where  great  toughness  is  desired.  Nickel  and  chro¬ 
mium  in  small  quantities  are  used  to  increase  the  hardness 
of  steel.  They  are  contained  in  the  steels  used  for  armor 
plate.  Copper,  manganese,  silicon,  tungsten,  and  molybde¬ 
num  are  alloyed  with  iron  in  making  different  kinds  of 
steel.  As  the  percentage  of  these  metals  in  the  alloy  is 
changed,  the  properties  of  the  steel  change. 

Probably  two  thousand  alloys  have  been  made  and  tested. 
When  there  arises  a  need  for  a  metal  with  particular  proper¬ 
ties,  someone  tries  to  supply  it.  For  instance,  in  the  manu¬ 
facture  of  bulbs  for  electric  lighting  there  must  be  a  lead-in 
wire  to  carry  current  to  the  filament,  the  thin  thread  within 
the  bulb.  This  wire  is  sealed  in  glass ;  so  the  rate  at  which 
it  expands  and  contracts  as  it  is  heated  and  cooled  must 
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be  equal  to  that  of  glass,  else  the  glass  will  break.  Platinum 
is  an  ideal  metal  for  this  wire,  for  it  expands  and  contracts 
at  the  same  rate  as  glass,  but  it  is  too  scarce.  After  many 
experiments  an  alloy  of  nickel  and  iron  was  made  which  for 
this  purpose  was  just  as  good  as  platinum.  Because  it  is 
similar  to  platinum  in  this  property  it  is  called  platinite. 
Again,  one  of  the  difficult  problems  in  the  manufacture  of 
accurate  clocks  and  watches  was  to  make  them  keep  accu¬ 
rate  time  both  winter  and  summer.  As  the  pendulum  of  a 
clock  or  the  flywheel  of  a  watch  expands  with  warm  weather, 
the  timepiece  runs  slower.  As  it  contracts  in  the  cold 
weather,  the  watch  or  the  clock  runs  faster.  A  metal  that 
would  neither  expand  nor  contract  was  badly  needed. 
Metal-workers  found  an  alloy  of  nickel  and  iron  called 
invar  that  meets  this  need.  This  alloy  does  expand  and 
contract  when  heated  and  cooled,  but  by  only  one  tenth  as 
much  as  iron  when  the  temperature  change  in  both  is  the 
same. 

As  men  work  with  machinery  they  discover  ways  to  im¬ 
prove  the  materials  that  go  into  it.  Nothing  is  good  enough. 
The  automobile  needs  better  springs, 
stronger  axles,  and  more  enduring  paint. 

The  airplane  needs  a  stronger  and  lighter 
propeller,  and  metal  that  will  better  stand 
the  effects  of  engine  vibration.  Railroads, 
lighting,  radio,  telephone,  motion  picture,  and  other  de¬ 
velopments  are  making  constant  demands  for  improve¬ 
ment.  And  yet  the  airplane  of  today  seems  pretty  good 
in  comparison  with  those  of  ten  years  ago.  But  so  was  the 
plane  of  ten  years  ago  better  than  the  one  ten  years 
earlier.  May  we  expect  the  planes  of  ten  years  from  now 
to  be  better  than  those  of  today?  Unquestionably  the 
answer  is  "yes.”  Among  the  most  successful  men  of  this 
generation  are  those  who  have  made  things  better.  So  will 
it  be  in  the  next  generation.  What  part  will  you  play  in 
the  changes  that  are  to  come?  As  you  look  about  for  your 
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vocation,  keep  uppermost  in  your  mind  these  questions: 
What  needs  to  be  done?  What  opportunities  are  there  to 
make  things  better  ? 


The  increased  use  of  iron  has  led  to  the  increased  use  of  many 
other  metals.  Some  of  these  uses  are  based  on  chemical  ac¬ 
tion.  Metals  vary  in  their  physical  properties,  such  as  density 
and  tensile  strength.  By  a  combination  of  metals,  physical 
properties  desired  may  be  secured. 


Can  You  Answer  these  Questions? 

1.  How  does  a  dry  cell  produce  an  electric  current? 

2.  What  is  the  chief  difference  between  a  dry  cell  and  a 
storage  cell? 

3.  What  are  some  of  the  properties  of  zinc  which  make  it 
valuable  commercially? 

4.  What  is  the  explanation  of  the  chemical  process  which 
takes  place  when  a  storage  battery  is  charged? 

5.  V/hat  chemical  changes  take  place  in  electroplating? 

6.  What  are  some  important  uses  of  copper? 

7.  What  are  some  important  uses  of  tin? 

8.  Why  has  aluminum  become  one  of  the  really  important 
metals  in  modern  industry? 

9.  Why  did  the  development  of  aluminum  depend  upon  the 
coming  of  the  Power  Age? 

10.  What  is  meant  by  the  density  of  metals?  by  their  tensile 
strength  ? 

11.  Why  are  alloys  important  in  modern  industry? 

12.  What  is  galvanized  iron? 

13.  While  a  storage  battery  is  discharging,  what  is  the  chemi¬ 
cal  change  on  the  lead  plate  ?  on  the  plate  of  lead  peroxide  ? 

14.  Why  is  zinc  paint  more  satisfactory  than  lead  paint  for 
interior  decorating  ? 
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Questions  for  Discussion 

1.  What  do  you  think  we  shall  do  for  dry  cells  when  our  de¬ 
posits  of  zinc  have  been  exhausted  ? 

2.  How  can  you  find  out  the  density  of  metals  other  than  those 
mentioned  in  the  text  ? 

3.  Should  you  say  that  gold  is  an  essential  metal  in  our  mod¬ 
ern  civilization  ?  Why  ?  Is  it  as  important  as  lead  ? 

4.  Why  is  weight  an  important  factor  in  the  construction  of 
airplanes  and  dirigibles? 

5.  What  would  probably  be  done  in  the  canning  industry  if 
our  tin  supply  were  suddenly  cut  off  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Gold  and  silver  are  called  the  precious  metals.  Try  to  find 
out  why  such  a  great  value  has  been  placed  upon  them  and  why 
they  form  man’s  standard  of  value  for  his  systems  of  money. 

2.  Make  a  special  list  of  the  more  common  uses  of  certain 
metals.  At  the  top  of  the  chart  list  the  metals,  such  as  copper, 
zinc,  lead,  and  so  on.  Under  each  metal  list  as  many  uses  as 
you  can  think  of. 

3.  Find  out  how  zinc  is  used  in  the  manufacture  of  rubber 
and  in  the  manufacture  of  brass. 

4.  Make  a  spoon  of  Wood’s  metal.  After  you  have  made  it, 
try  to  determine  accurately  the  temperature  at  which  it  melts. 

5.  In  this  chapter  we  have  not  described  ail  the  metals  with 
which  you  may  be  familiar.  What  do  you  know  about  mercury, 
for  example?  After  experimenting  see  if  you  can  add  to  this 
chapter  a  short  description  of  the  common  properties  of  mercury. 
You  might  wish  to  write  about  some  other  metals. 

6.  Determine  the  density  of  lead,  iron,  zinc,  gold  (use  a  gold 
ring).  You  may  recall  the  method  from  earlier  work  in  science. 
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Fig.  148.  The  Construction  of  Large  Cities  such  as  this  demands  the  Use 
of  Materials  Other  than  Metals 


If  you  have  ever  visited  a  large  city  and  have  stood  at 
the  top  of  some  tall  building,  you  have  probably  marveled 
at  the  scene  below,  a  scene  such  as  that  shown  in  Fig.  148. 
Here  is  visible  evidence  of  the  Age  of  Iron  and  Power.  But 
if  you  will  think  about  the  processes  which  have  made 
possible  structures  such  as  those  you  see,  you  soon  realize 
rp-i  T  *  j  that  materials  other  than  iron  and  steel 

The  Iron  Age  de¬ 
mands  materials  have  been  used.  First  to  come  to  your 

other  than  metals  mjn(j^  perhaps,  is  stone.  Granite  and  mar¬ 
ble  are  both  beautiful  and  enduring.  Then  you  may  think 
of  glass,  brick,  plaster,  and  cement.  These  are  made  of 
sand,  clay,  limestone,  and  a  few  other  substances  that  are 
found  abundantly  in  the  crust  of  the  earth. 
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Indiana  Limestone  Corporation 

Fig.  149.  Limestone  is  an  Important  Natural  Building  Stone 


A ,  the  quarry  from  which  the  stone  is  cut ;  B,  a  group  of  buildings  in  Wash¬ 
ington,  D.  C.,  made  from  the  stone 


A.  What  is  Building  Stone  ? 

Most  of  the  stone  used  for  building  is  marble,  granite, 
sandstone,  or  limestone.  All  of  these  are  abundant.  Whole 
mountains  are  composed  of  them.  Conditions  under  which 
the  different  rocks  were  formed,  however,  have  made  some 
much  more  valuable  than  others.  Indiana  limestone  is 
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one  of  the  most  used  of  natural  building  stones.  It  is  taken 
from  huge  quarries,  as  shown  in  Fig.  149.  It  is  softer  than 
marble  and  so  is  easily  cut  and  shaped.  The  polished  stone 
presents  a  beautiful  whiteness.  Many  handsome  structures 
similar  to  those  in  Fig.  149  are  made  of  it.  Examine  some 
of  this  stone  carefully  with  a  hand  lens  or  with  the  low 
power  of  a  microscope  and  you  may  see  (as  in  Fig.  150) 

that  it  is  a  mass  of 
shells  of  tiny  animals. 

The  finest  marble 
and  some  of  the  finest 
granites  come  from 
Vermont.  Marble  is 
limestone  changed  by 
tremendous  pressure. 
Granite  is  igneous. 
Marble  is  more  easily 
cut  and  worked ;  gran¬ 
ite  is  more  durable. 
Both  will  take  a  fine 
polish,  and  the  pol¬ 
ished  surface  is  more 
durable  than  a  rough¬ 
ened  one. 

Artificial  stones  in 
the  form  of  brick  and  concrete  blocks  are  also  used  in  build¬ 
ing.  Concrete  we  shall  study  a  little  later.  Brickmaking 
Brick  and  concrete  (Fig.  151)  goes  back  to  extremely  early 
are  artificial  stones  times.  Excavations  in  the  ancient  city  of 
Ur  show  brick  construction  probably  6000  years  old.  In 
the  simplest  method  of  brickmaking,  bricks  are  cut  or 
molded  from  wet  clay  and  dried  in  the  sun.  Long  before 
the  Christian  Era,  however,  men  had  learned  to  harden 
bricks  by  burning  them  in  kilns. 

1  Reprinted  by  permission  from  Textbook  of  Geology,  Part  II,  by 
Schuchert  and  Dunbar,  published  by  John  Wiley  and  Sons,  Inc. 


FlC.  150.  Indiana  Limestone  (Magnified)  is 
a  Mass  of  Shells  of  Tiny  Animals 1 
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Fig.  151.  Brick  is  an  Important  Building  Material 

After  being  cut  from  soft  wet  clay  the  bricks  are  piled  in  kilns.  The  kilns  are 
closed,  and  heat  is  applied.  The  bricks  dry  and  harden 


B.  What  is  Glass  ? 

Glass  is  made  from  silica  (Si(>2)  in  the  form  of  fine  sand, 
sodium  carbonate  (Na2COs),  calcium  carbonate  in  the  form 
of  limestone  (CaC03),  and  a  few  other  substances.  Nearly 
pure  products  must  be  used  for  the  manufacture  of  clear 
glass.  There  are  many  natural  deposits  of  sand  that  are 
nearly  pure  silica,  and  there  are  many  deposits  of  limestone 
that  are  nearly  pure  calcium  carbonate.  Sodium  carbonate 
is  a  manufactured  product.  If  we  could  follow  the  changes 
that  take  place  in  these  substances  as  they  are  fed  into  a 
large  furnace  at  a  modern  glass-making  plant,  we  should 
see  the  mixture  change  to  liquid.  Sodium  carbonate  and 
calcium  carbonate  melt  at  about  850°  C.  r™  t 

Silica  dissolves  in  the  hot  liquid  somewhat  glass-making  is  a 
as  salt  dissolves  in  wTater.  The  liquid  is  chemical  Process 
heated  to  a  temperature  of  about  1260°  C.  Chemical 
changes  take  place  in  which  carbon  dioxide  is  released  as 
gas.  The  liquid  which  remains  may  be  as  clear  as  pure 
water.  As  it  cools,  the  liquid  stiffens,  becoming  thick  and 
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soft  like  taffy.  It  is  not  allowed  to  cool  completely 
until  it  has  been  shaped  into  some  form  of  glassware. 

It  is  while  glass  is  still  soft  that  it  is  made  into  glass 
objects.  It  then  may  be  shaped  as  desired.  The  shaping 
is  done  by  blowing  and  by  pressing  in  molds. 

You  may  learn  for  yourself  how  glass  objects  are  made. 
Get  a  piece  of  glass  tubing  about  a  foot  long.  The  ends  of 
the  tubing  will  have  sharp  edges.  You  may  "polish”  these 

sharp  edges  with  fire. 
Hold  one  end  of  the  tub¬ 
ing  in  a  gas  flame  until 
the  glass  is  barely  red. 
After  the  glass  has  cooled, 
run  your  finger  over  the 
edge  and  you  will  see  that 
the  sharpness  is  gone. 

Then  hold  the  other 
end  of  the  tubing  in  the 
flame,  slowly  turning  it, 
until  the  glass  melts  and 
the  end  of  the  tube  closes. 
Now  place  the  cool  end 
of  the  tube  in  your  mouth 
and  blow.  Can  you  blow 
a  glass  bubble  (similar  to  a  soap  bubble)  on  the  closed  end 
of  the  tube,  as  shown  in  Fig.  152  ?  This  simple  experiment 
will  show  you  that  glass  may  be  shaped.  A  good  deal  of 
skill  is  required,  however,  to  shape  the  hot  glass  as  desired, 
for  glass-blowing  is  a  skilled  trade. 

Not  many  years  ago  glass-blowing  was  done  by  hand,  or 
rather  by  lungs.  Glass-blowers  worked  with  long  metal 
pipes.  Look  at  Fig.  152.  The  glass-blower  dipped  one  end 
of  the  pipe  into  the  molten  glass  and  pulled  out  a  large 
drop  just  the  right  size.  Then  he  blew  a  "bubble”  of  glass 
on  the  end  of  the  rod,  just  as  you  did  on  the  end  of  your 
tubing.  And  then  he  shaped  it.  More  often  than  not  he 


Fig.  152.  If  you  have  a  Bunsen  Burner 
and  Some  Glass  Tubing  in  your  Labo¬ 
ratory,  you  may  easily  learn  how  Glass 
Objects  are  Made 
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Ewing  Galloway 

Fig.  153.  The  Processes  of  Glass-Blowing  have  changed  as  the  Result  of 
the  Machine  Age 


Not  many  years  ago  glass  bottles  were  made  by  hand.  Today  a  machine  does 
the  same  work  very  much  more  quickly 


made  bottles.  The  process  was  simple.  He  blew  his  drop 
of  molten  glass  into  a  mold  shaped  like  a  bottle. 

Now  nearly  all  glass-blowing  is  done  by  machine,  with 
compressed  air.  The  process  is  enormously  faster.  In  1899, 
before  machines  were  in  use,  28,000  workmen  in  the  bottle 
industry  in  the  United  States  produced  about  one  billion 
bottles.  This  is  at  the  rate  of  about  100  bottles  per  work¬ 
man  per  day.  In  1925,  22,000  workmen  with  machines 
produced  nearly  four  billion  bottles.  This  ^  k'  h 
is  at  the  rate  of  more  than  500  bottles  per  changed  from  a 
man  per  day.  A  single  machine  similar  han<?  Process  t0  a 

,  .  w  _  ,  ^  machine  process 

to  that  in  Fig.  153  may  make  50,000 
bottles  in  a  day.  It  should  be  said  in  passing  that  the 
glass-blowers’  trade  was  a  dangerous  one.  Men  who  fol¬ 
lowed  this  trade  seemed  especially  susceptible  to  tuber¬ 
culosis,  and  the  average  length  of  life  among  them  was 
short.  In  this  industry,  as  in  many  others,  machines  have 
taken  the  place  of  men  in  the  more  dangerous  operations. 
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After  glass  has  been  blown  or  otherwise  shaped  into  de¬ 
sired  forms,  it  must  be  annealed.  What  does  that  mean? 
If  you  were  to  take  a  glass  bottle  directly  from  the  blowing 
machine  into  a  room  of  normal  temperature,  you  would  find 
that  it  would  almost  surely  crack  ;  for  glass  must  be  cooled 
slowly.  As  soon  as  bottles  are  blown,  they  are  placed 
on  a  conveyer  belt  in  what  is  called  an  annealing  chamber. 
The  temperature  at  one  end  of  the  chamber  is  about 
600°  C.  The  bottles  are  carried  along  slowly,  cooling  as  they 
are  moved.  A  period  of  about  two  weeks  is  used  to  cool 
heavy  bottles.  Thinner  glass,  like  light  bulbs,  may  be  cooled 
in  twenty-four  hours.  This  process  is  called  annealing. 

If  we  could  observe  the  process  used  in  making  ordinary 
window  glass,  we  might  be  surprised  at  the  method  used. 
Glass  for  windows  is  first  blown  into  great  cylinders,  30  or 
40  feet  in  length  but  not  more  than  3  feet  in  diameter. 
When  the  glass  hardens,  the  cylinders  are  mounted  on 
tables.  Notice  how  the  rounded  ends  of  the  cylinders  are 
broken  off.  After  the  glass  is  cool,  a  hot  iron  point  is  drawn 
quickly  around  the  glass.  The  heat  from  the  iron  causes 
the  glass  to  break.  In  a  similar  manner  the  long  cylinders 
are  cut  into  shorter  ones.  Then  the  shorter  cylinders  are 
cracked  lengthwise.  Each  cracked  cylinder  is  placed  in  a 
furnace  that  is  hot  enough  to  soften  the  glass.  As  the  glass 
softens,  the  cylinder  opens  and  the  glass  spreads  flat  on 
the  surface  of  a  table.  The  cylinder  has  become  a  sheet. 
Some  of  these  processes  are  shown  in  Fig.  154.  After  the 
sheet  of  glass  has  cooled,  it  may  be  cut  into  sizes  suitable 
for  window  glass.  This  process  makes  the  cheapest  kind 
of  glass.  Cheap  glass  has  areas  through  which  objects  ap¬ 
pear  out  of  shape.  Do  you  find  such  areas  in  the  window 
glass  of  your  schoolroom? 

There  is  another  process  for  making  window  glass.  While 
the  glass  is  hot  and  soft  it  may  be  run  between  steel  rollers 
and  "ironed  out"  into  flat  sheets.  The  rollers  press  the 
glass  much  as  a  clothes-wringer  presses  clothes. 
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Pittsburgh  Plate  Glass  Company 

Fig.  154.  The  Making  of  Window  Glass  today  is  a  Machine  Process 


a,  compressed  air  is  used  to  blow  the  molten  glass  into  long  cylinders ;  b,  the 
long  cylinders  are  cut  into  shorter  ones ;  c,  the  short  cylinders  are  cracked 
lengthwise  by  drawing  a  hot  iron  point  along  the  cool  glass ;  d,  when  the  split 
cylinder  is  placed  in  a  furnace,  the  heat  opens  it  up  and  the  glass  forms  a  flat 

sheet 


Plate  glass  is  made  with  more  care  than  ordinary  win¬ 
dow  glass  and  is  therefore  more  expensive.  The  liquid  glass 
is  poured  out  on  a  flat  surface  and  pressed,  „ .  , 

as  it  cools,  into  a  slab  of  nearly  uniform  glass  are  made  in 
thickness.  Any  irregularities  are  removed  dlfferent  ways 
by  grinding.  The  finished  slab  is  so  nearly  uniform  in 
thickness  that  it  does  not  change  the  appearance  of  ob¬ 
jects  seen  through  it.  You  are  aware  of  the  difference  be¬ 
tween  plate  glass  and  window  glass  when  you  compare  the 
glass  in  show  windows  of  fine  stores  with  the  glass  in 
windows  of  ordinary  residences. 

Glass  used  for  cut-glass  dishes  is  not  the  same  in  compo- 
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sition  as  window  glass.  Instead  of  lime,  lead  oxide,  a 
combination  of  lead  and  oxygen,  is  used.  Lead  glass  has 
a  more  brilliant  sparkle  than  calcium  glass,  and  it  is  less 
fragile.  The  finest  cut  glass  is  expensive  because  of  the 
great  amount  of  hard  work  that  has  been  done  on  it.  The 
melted  glass  is  pressed  into  a  mold  of  the  shape  that  is 
desired.  It  comes  from  the  mold  as  a  smooth  glass  dish. 
The  designs  are  then  cut  into  the  glass  by  grinding  and 
polishing.  For  the  cheaper  cut  glass  the  pattern  is  in  the 
mold.  When  the  dish  comes  from  the  mold,  it  therefore 
has  the  pattern  impressed  in  it,  and  the  process  of  cutting 
is  reduced  to  merely  grinding  the  edges  and  polishing  the 
surfaces. 

A  striking  example  of  great  achievement  in  glass-making 
is  the  pouring  of  glass  for  the  mirror  of  the  200-inch  re¬ 
flecting  telescope  to  be  built  in  California.  This  mirror  is 
made  of  a  glass  that  expands  and  contracts  so  little  during 
changes  in  temperature  that  the  likelihood  of  its  breaking 
is  small.  About  100  tons  of  glass  were  melted  in  one  enor¬ 
mous  furnace.  From  this  the  molten  glass  was  dipped 
and  poured  into  a  mold.  The  cooling  of  this  enormous 
mirror  was  very  carefully  controlled.  The  entire  process 
took  about  ten  months.  The  finished  piece,  as  shown  in 
Fig.  155,  weighs  about  20  tons. 

Fused  quartz  may  be  used  for  glass.  It  differs  from  glass 
in  that  it  is  transparent  to  ultra-violet  as  well  as  to  visible 
light.  Ultra-violet  rays  do  not  pass  through  ordinary  glass. 
These  rays  are  important  for  health,  and  for  this  reason 
quartz  glass  is  sometimes  used  in  the  "sun  rooms"  of 
sanitariums.  Sun's  rays  through  quartz  produce  nearly 
the  same  healthful  effect  on  the  body  as  direct  sunlight. 
Fused  quartz  expands  and  contracts  with  change  in  tem¬ 
perature  so  little  that  it  may  be  heated  red-hot  and  plunged 
into  cold  water  without  danger  of  breaking.  It  is  clearer 
than  glass  and  less  fragile.  It  would  serve  as  an  excellent 
substitute  for  glass  if  there  were  enough  of  it.  It  is  fine  for 
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Fig.  155.  Special  Glass  is  used  for  Special  Purposes 

Some  day  this  piece  of  glass  or  another  one  like  it  will  form  a  mirror  for  the 
new  200-inch  reflecting  telescope 

dishes  as  well  as  for  windowpanes,  but  by  present  manu¬ 
facturing  methods  it  is  too  expensive  for  general  use. 

Why  is  fused  quartz  so  expensive  ?  Since  it  is  made  from 
fine  sand,  certainly  there  is  plenty  of  raw  material.  The 
cost  is  in  the  manufacturing  process.  It  must  be  worked 
at  a  high  temperature,  and  there  are  other  practical  diffi¬ 
culties.  Much  energy  is  required  in  the  manufacture  of 
fused  quartz.  As  energy  becomes  more  easily  obtainable, 
we  may  use  fused  quartz  more  and  more  as  a  substitute 
for  glass. 

C.  What  are  Mortar  and  Cement  ? 

Mortar  is  made  from  slaked  lime  and  sand.  Slaked  lime 
is  made  by  mixing  lime  with  water.  Some  experiments  will 
show  how  mortar  is  made  and  how  it  is  used.  The  manu¬ 
facturing  process  begins  with  limestone.  This,  as  you  know, 
is  calcium  carbonate  (CaCOs).  When  heated  it  decom- 
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poses,  or  breaks  up,  forming  calcium  oxide  (CaO)  and 
carbon  dioxide.  The  bricklayer  calls  this  quicklime.  A 
simple  expression  shows  the  chemical  change : 

CaC03  — >  CaO  +  C02 

Get  a  sample  of  quicklime  from  a  bricklayer  or  plasterer. 
Place  a  small  amount  (say  50  grams)  in  a  glass  and  add, 
slowly  at  first,  enough  water  to  cover  the  lime.  You  imme¬ 
diately  see  evidence  of  chemical  action.  Heat  is  produced, 
and  the  appearance  of  the  lime  changes.  After  chemical 
action  has  ceased,  you  have  in  the  glass  white  pasty  slaked 
lime.  Its  chemical  name  is  calcium  hydroxide  (Ca(OH)2). 

You  may  have  seen  workmen  slaking  lime.  The  chem¬ 
ical  change  is  : 

CaO  +  H20  — ►  Ca(OH)2 

Mortar  is  made  by  mixing  this  pasty  slaked  lime  with 
sand.  It  seems  to  be  just  the  proper  thing  for  use  in  laying 

Mortar  hardens  be-  brick‘  Bricks  °f  a  brick  Wal1  are  Cemented 
cause  of  chemical  together  with  it.  The  bricks  are  laid  in  the 

mortar  while  it  is  soft.  After  it  has  been 
exposed  to  air,  the  mortar  dries  and  hardens.  Mortar  is 
also  used  as  plaster  for  the  walls  of  houses.  After  it  hardens, 
whitewash  or  stucco  may  be  spread  over  it. 

The  slaked  lime  exposed  to  air  is  slowly  changed  by  chemi¬ 
cal  action  with  carbon  dioxide,  forming  calcium  carbonate : 

Ca(OH)2  +  C02  — »-  CaC03  +  H20 

This  chemical  change  is  known  as  "setting.”  Sand  is  used 
in  mortar  to  keep  the  lime  from  becoming  absolutely  solid, 
and  so  that  molecules  of  carbon  dioxide  may  penetrate  to 
the  interior.  Chemical  action  within  the  mortar  may  con¬ 
tinue  for  years  and  possibly  for  centuries  as  calcium 
hydroxide  slowly  changes  to  calcium  carbonate. 

As  you  have  followed  this  explanation,  have  you  noticed 
that,  in  this  succession  of  chemical  changes,  atoms  of  cal- 
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cium  run  through  a  complete  cycle,  or  round,  returning  to 
their  original  state?  Calcium  carbonate  (CaCOa)  forms 
from  calcium  hydroxide  (Ca(OH)2)  as  the  mortar  sets. 
Calcium  hydroxide  forms  from  calcium  oxide  (CaO)  as  the 
lime  is  slaked.  Calcium  oxide  is  formed  by  heating  calcium 
carbonate. 

Cement  is  in  some  respects  similar  to  mortar.  It  is 
made  by  heating  a  mixture  of  limestone  and  clay.  The 
chemical  changes  in  this  process  are  more  complex  than  in 
the  making  of  quicklime.  The  materials  from  which  cement 
is  made  are  dried  and  powdered,  mixed  in  proper  propor¬ 
tions,  and  placed  in  a  furnace.  The  mixture  is  heated  until 
it  just  begins  to  melt  and  run  together.  As  it  is  heated, 
water  and  carbon  dioxide  are  driven  out  of  it. 

A  most  important  difference  between  cement  and  mortar 
is  that  cement  will  harden  (or  set)  under  water;  mortar 
will  not.  The  chemical  change  in  setting  ^  .  , 

Cement  is  used 

cement  is  in  fact  due  to  action  with  water.  more  widely  than 
Air  has  no  necessary  part  in  it.  Enormous  wo  A  because" 

quantities  of  cement  are  used,  therefore,  it  can  be  used 
for  building  under  water.  The  chemical  under^ater 
changes  in  setting  go  on  slowly  and  may  be  continuous  for 
some  years.  The  strength  of  the  structure  increases  during 
all  the  time  the  cement  is  setting. 

One  of  the  main  uses  for  cement  is  in  building  concrete 
highways.  Concrete  is  a  mixture  of  cement  with  sand  and 
stone.  During  the  years  since  the  automobile  has  come 
into  common  use,  thousands  of  miles  of  concrete  highways 
have  been  built.  Look  at  Fig.  156. 

Other  important  uses  of  cement  are  for  building  tunnels 
and  dams.  One  great  dam  is  at  Muscle  Shoals  in  the 
Tennessee  River  (shown  in  Fig.  157).  It  is  a  concrete 
structure  4800  feet  long  and  142  feet  high.  The  water 
falling  over  this  dam  is  a  source  of  power.  The  total  water 
power  from  all  sources  in  the  United  States  in  1932  was 
about  15,000,000  horsepower  and  from  Canada  a  little 
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Fairchild  Aerial  Surveys,  Inc. 

Fig.  156.  With  the  Coming  of  Concrete,  Vast  Networks  of  Concrete  Auto¬ 
mobile  Highways  lead  from  All  our  Large  Cities 


more  than  6,000,000  horsepower.  This  one  concrete  struc¬ 
ture  may,  when  completed,  produce  3,000,000  horsepower. 

Construction  work  on  the  greatest  of  all  dams  is  now 
in  progress.  It  is  in  the  Boulder  Canyon  of  the  Colorado 
Cement  plays  an  River.  When  completed  it  will  be  730  feet 
t5TP <bu dd’ n g Fp roc  high.  Some  4,500,000  cubic  yards  of  con- 
esses  of  the  Iron  crete  (about  10,000,000  tons)  will  be  used 
Age  in  its  construction.  The  dam  will  hold 

back  a  vast  reservoir,  or  storage  basin,  of  water,  sufficient 
to  cover  30,000,000  acres  of  land  to  a  depth  of  1  foot.  This 
is  an  area  almost  equal  to  that  of  the  state  of  New  York. 
Water  from  the  reservoir  will  be  used  to  irrigate  the  desert 
lands  of  neighboring  regions  and  to  generate  electricity. 
There  will  be  sufficient  water  to  generate  some  663,000 
horsepower.  By  way  of  comparison,  the  same  amount  of 
power  released  through  electric  locomotives  would  be  suffi¬ 
cient  to  keep  two  hundred  heavy  trains  continually  mov- 
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Acme 

Fig.  157.  Great  Quantities  of  Concrete  are  used  in  Building  Dams  such  as 
this  One  at  Muscle  Shoals 


ing.  This  huge  dam,  then,  will  mark  another  stride  for¬ 
ward  in  the  effort  to  use  natural  forces  to  do  the  work  of 
the  world. 

The  future  will  without  doubt  see  the  extension  of  many 
similar  pieces  of  construction.  Certainly  sometime  there 
will  be  great  developments  along  the  Mississippi  River. 
At  Minneapolis  the  river  is  some  800  feet  above  sea  level. 
In  time  of  flood  it  flows  as  a  raging  torrent,  overflowing  its 
banks  and  spreading  ruin  far  and  wide.  As  man  seeks  to 
control  his  environment  what  will  he  do  with  this  great 
river?  Engineers  can  furnish  the  answer.  They  could 
build  a  number  of  dams  along  the  course  of  the  river,  like 
the  ones  now  at  St.  Paul,  Minnesota,  and  at  Keokuk,  Iowa. 
These  would  hold  back  the  floods  from  the  heavy  rains,  and 
thus  thousands  of  acres  of  farm  lands  could  be  preserved 
from  damage.  Besides,  each  dam  would  be  a  source  of 
water  power,  to  be  converted  into  electrical  energy.  All 
this  would  add  enormously  to  the  wealth  of  this  great  valley. 
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What  would  it  cost  to  carry  out  such  a  work  along  the 
Mississippi  ?  Probably  we  should  ask  what  it  costs  not  to 
do  it.  Most  of  the  construction  work  would  be  with  iron 
and  cement.  We  have  plenty  of  both.  Iron  ore  is  of  no  use 
so  long  as  it  remains  in  the  ground ;  neither  is  limestone  or 
clay.  Labor  would  be  required,  but  there  is  no  lack  of  men 
and  machines  for  that.  Our  great  ambition  should  be  to 
free  ourselves  from  the  fear  of  hunger  and  ruin,  by  extend¬ 
ing  the  power  to  use  our  abundant  natural  resources  for 
the  common  good. 


Many  materials  other  than  iron  and  steel  are  used  at  the  pres¬ 
ent  time.  Most  important  of  these  are  the  building  stones  and 
other  substances,  such  as  cement,  which  make  modern  con¬ 
struction  work  possible.  All  these  are  products  of  the  environ¬ 
ment.  As  man  increases  in  his  ability  to  use  them,  civilization 
will  surely  change. 


Can  You  Answer  these  Questions? 

1.  How  does  marble  differ  from  limestone  in  origin  and 
properties  ? 

2.  What  are  some  of  the  chemical  changes  that  take  place 
in  glass-making? 

3.  How  does  fused  quartz  differ  in  composition  from  glass? 
In  what  ways  is  fused  quartz  superior  to  glass  for  windows? 

4.  What  chemical  changes  take  place  in  the  making  of  quick¬ 
lime?  in  the  processes  by  which  mortar  hardens  or  sets? 

5.  What  are  the  chief  differences  between  mortar  and  cement? 

6.  What  is  concrete,  and  why  is  it  so  widely  used  today  ? 

7.  How  does  window  glass  differ  from  plate  glass?  How  does 
cut  glass  differ  from  bottle  glass  ? 

8.  Why  is  the  annealing  process  necessary  in  glass-making  ? 

9.  Which  is  better  for  construction  work  under  water:  mortar 
or  cement?  Why? 
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Questions  for  Discussion 

1.  What  relationships  do  you  think  there  are  between  the 
use  of  iron  and  the  use  of  cement  ?  Consider  such  an  industry  as 
the  building  industry. 

2.  Why  do  you  think  ancient  peoples,  such  as  the  Greeks,  used 
marble  more  than  other  stones  for  building  purposes  ? 

3.  Is  kiln-dried  brick  better  than  sun-dried  brick  for  building 
purposes?  Why  do  you  think  so? 

4.  Why  was  the  old  trade  of  glass-blowing  dangerous  to 
health  ? 

5.  When  blowing  machines  were  introduced  into  bottle-making, 
some  of  the  glass-blowers  lost  their  jobs.  Should  the  machines 
have  been  introduced  ? 

6.  Do  you  think  it  likely  that  fused  quartz  will  in  the  future 
entirely  replace  ordinary  glass? 

7.  Do  you  think  that  man  will  ever  make  full  use  of  the  en¬ 
ergy  of  falling  water?  What  changes  do  you  think  will  help  to 
bring  this  about?  What  changes  do  you  think  it  will  make  in 
living? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  changes  that  have  taken  place  in  the 
building  industry  as  the  result  of  new  materials.  Could  the 
modern  skyscraper  have  been  built  one  hundred  years  ago? 

2.  A  special  glass  called  pyrex  is  used  for  cooking  utensils. 
See  what  you  can  find  out  about  this  glass,  how  it  is  made,  and 
why  it  stands  up  under  heat. 

3.  Write  to  your  local  congressman  or  representative,  and  ask 
him  for  information  concerning  some  of  the  great  power  projects 
the  government  has  under  way. 

4.  You  can  find  out  about  some  of  the  properties  of  glass  for 
yourself.  Try  to  bend  some  glass  tubing,  blow  glass  bubbles  as 
described  in  the  text,  or  make  a  glass  pen  which  will  write. 

5.  Place  some  marble  chips  in  a  bottle  and  add  a  few  drops 
of  hydrochloric  acid.  Hold  a  burning  candle  over  the  mouth 
of  the  bottle.  Explain  your  observations. 


Wide  World 

Fig.  158.  Through  a  Constantly  Increasing  Ability  to  use  the  Materials 
and  Energy  Resources  in  his  Environment,  Man  is  changing  Many  of 
his  Ways  of  Living 

What  developments  made  the  streamline  trains  possible? 


UNIT  IV 


How  has  Man  gained  Control  over  the 
Energy  Resources  of  the  Earth? 


Chapter  XV  •  What  are  Some  of  the  Relations  between  Force 
and  Motion? 

Chapter  XVI  •  What  are  Some  of  the  Relations  between 
Force,  Work,  and  Power? 

Chapter  XVII  •  What  are  Some  of  the  Characteristics  of 
Energy? 

Chapter  XVIII  •  How  does  an  Engine  change  the  Potential 
Energy  of  Fuel  into  Kinetic  Energy? 

Chapter  XIX  •  How  does  an  Airplane  use  Energy? 


IN  YOUR  previous  work  in  science  you  have  learned  of  the 
forces  that  are  changing  the  surface  of  the  earth.  These 
are  powerful  forces,  for,  as  you  know,  they  wear  down  moun¬ 
tains  and  work  continuous  changes  on  the  surface  of  the  earth. 
These  forces  have  their  origin  in  solar  energy,  and  their  effects 
are  seen  in  the  flow  of  air  and  water  over  the  earth  and  in  the 
chemical  changes  that  go  on  in  living  cells. 

In  this  unit  you  may  learn  how  man  has  gained  a  measure 
of  control  of  energy  and  how  he  has  used  this  control  to  run 
machinery.  Energy  of  coal,  with  its  origin  in  green  plants,  is 
used  to  pull  heavy  trains.  Energy  from  falling  water  is  used 
to  light  our  homes  and  streets.  In  this  Age  of  Power  you  see 
on  every  hand,  machinery  in  which  energy  from  natural  re¬ 
sources  is  used  to  do  the  work  of  the  world. 

In  this  unit  you  may  learn  something  of  the  relations  of 
forces  and  energy  and  something  of  the  manner  in  which 
man  has  harnessed  these  forces  of  nature  and  used  them  to 
serve  his  purposes.  It  tells,  in  brief  and  simple  language,  the 
story  of  man’s  progress  from  the  time  when  physical  work 
was  done  by  the  muscles  of  men  and  by  beasts  of  burden,  to 
the  time  when  energy  from  natural  resources  is  released 
through  machines  and  used  to  do  the  work  of  the  world. 
This  unit  is,  in  fact,  an  account  of  one  of  man’s  greatest 
achievements. 


Chapter  XV  •  What  are  Some  of  the  Relations 
between  Force  and  Motion? 

In  Fig.  159  the  artist  has  pictured  some  familiar  kinds 
of  forces  upon  the  earth.  As  you  probably  know,  forces 
are  in  evidence  all  about  us.  Their  effects  Forces  are  in  evi- 
may  be  seen  in  running  water,  in  wind,  dence  a11  aboul  us 
in  hot  steam,  and  in  the  activities  of  living  things.  Water 
flowing  in  streams  exerts  force  as  the  swiftly  flowing  stream 
moves  the  rocks  that  lie  in  its  bed.  Plunging  over  a  cliff,  the 
stream  strikes  with  powerful  force  on  the  rocks  below.  A 
strong  wind  may  break  down  trees,  destroy  buildings,  and 
carry  enormous  quantities  of  earth  in  the  form  of  dust  from 
one  region  to  another.  The  force  of  the  moving  molecules 
of  hot  steam  drives  machinery.  Forces  from  the  muscular 
action  of  living  things  enable  living  things  to  move  about. 
Observe  the  football  team  advancing  the  ball.  In  all  these 
observations  you  may  see  some  examples  of  powerful  forces. 

In  addition  to  the  forces  mentioned  there  is  the  force  of 
attraction  between  the  earth  and  objects  on  it  and  be¬ 
tween  the  earth  and  the  heavenly  bodies.  This  is  the  force 
of  gravity.  The  attraction  between  the  earth  and  objects 
on  its  surface  pulls  objects  toward  the  center.  You  become 
aware  of  the  force  of  gravity  as  you  try  to  raise  an  object 
away  from  the  surface  of  the  earth.  The  force  of  attraction 
between  the  earth  and  a  large  rock  may  be  so  great  that 
you  alone  cannot  move  the  rock. 

A  force  is  required  to  raise  an  object  because  the  force 
of  gravity  tends  to  hold  the  object  down.  Force  is  also 
required  to  keep  an  object  moving,  be-  Control  of  natural 
cause  friction  with  air  or  with  the  earth  forces  reduces 
on  which  the  object  is  moving  tends  to  human  labor 
make  it  stop.  In  doing  the  work  of  the  world  we  must 
distribute  food,  clothing,  machinery,  and  other  things.  We 
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must  construct  dams,  bridges,  and  buildings.  In  all  this 
work  forces  must  be  applied. 

In  the  earlier  periods  of  human  history  the  work  of  the 
world  was  done  by  men  and  by  beasts  of  burden.  Galley 
slaves  drove  ancient  vessels  (Fig.  160)  through  the  water, 
horses  pulled  heavy  stagecoaches,  camels  carried  burdens 
over  the  desert,  and  within  workshops  and  in  fields  heavy 
work  was  done  by  human  labor. 

With  the  nineteenth  and  twentieth  centuries,  however, 
there  has  come  the  Age  of  Power.  Men  have  learned  how, 
with  the  aid  of  machinery,  to  use  natural  forces  to  do  the 
work  previously  done  by  men  and  by  beasts  of  burden. 
Men  have  in  part  been  freed  from  toil  as  a  result  of  this 
control.  Vessels  and  vehicles  are  now  driven  by  steam, 
gasoline,  and  electricity;  the  heavy  work  in  factories  is 
done  by  machinery. 

Let  us  study  these  forces  with  some  care.  You  have  a 
general  knowledge  of  what  a  force  is,  but  in  the  study  of 
man's  control  of  energy  you  will  need  exact  knowledge. 


A.  What  is  a  Force? 

An  automobile  on  a  cement  floor  may  be  moved  by  the 
force  of  a  man  pushing  against  it.  If  the  force  continues, 
the  car  will  move  faster.  A  force  in  the  Force  and  motion 
direction  opposite  to  the  direction  in  which  are  closely  related 
the  automobile  is  moving  will  cause  it  to  move  more  slowly. 
If  the  opposing  force  is  great  enough,  the  moving  car  will 
be  stopped.  Similarly  a  train  is  set  in  motion  by  the  force 
of  steam  from  the  boiler  of  the  locomotive.  The  train 
moves  faster  as  the  force  continues.  Brakes  are  applied 
to  stop  the  train.  In  this  case  the  force  of  compressed  air 
pushes  the  brakes  against  the  wheels,  and  the  train  moves 
more  slowly  and  comes  to  a  stop.  Thus  you  see  that  a 
force  may  start  an  object  in  motion,  and  it  may  make  a 
moving  object  move  faster.  You  also  see  that  an  opposing 
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Fig.  160.  With  the  Coming  of  the  Age  of  Power  have  come  Great  Changes 
in  Man’s  Ways  of  Working 


Contrast  the  galley  (above),  driven  by  power  of  human  muscles,  and  the 
modern  yacht  (below) 

force  may  stop  a  moving  object  or  at  least  may  cause  such 
an  object  to  move  more  slowly.  From  the  above  you  may 
define  force  by  saying  that  it  is  a  push  or  a  pull. 

What  is  centrifugal  force?  A  moving  object  tends  to 
move  in  a  straight  line.  Thus  an  object  tied  to  a  string 
may  be  moving  in  a  circle,  but  it  seems  to  pull  away  from 
the  center.  If  the  string  should  break,  the  object  would 
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move  in  a  straight  line  from  the  point  where  it  was  re¬ 
leased.  The  force  thus  displayed  is  centrifugal  force. 
Fig.  161  shows  an  effect  of  centrifugal  force.  The  outward 
pull  of  the  hammer  increases  as  the  man  swings  round 
and  round.  When  the  hammer  is  released,  it  travels  in  a 
straight  line  away  from  the  circle. 

Common  observations  will  help  to  show  clearly  the 
effect  of  this  force.  Occasionally  an  automobile  traveling 
at  high  speed  comes  suddenly  upon  a  turn  An  object  in  mo. 
in  the  road.  The  driver  turns  the  steering  tion  tends  to  move 
wheel  to  go  around  the  turn,  but  the  m  a  straight  lme 
tendency  to  continue  in  a  straight  line  is  so  strong  that 
the  car  skids  and  sometimes  leaves  the  road  (Fig.  162).  In 
the  air  a  pilot  banks  his 
airplane,  as  shown  in  Fig. 

162,  in  order  to  turn  it 
from  its  straight  course. 

A  sudden  change  in  the 
direction  of  a  rapidly  mov¬ 
ing  airplane,  as  in  racing, 
may  cause  great  discom¬ 
fort  to  the  pilot.  A  plane 
may  travel  as  fast  as  300 
miles  an  hour.  Inside  the 
body  of  the  pilot  the  blood 
is  being  driven  along  by 
the  force  of  the  heartbeat. 

As  the  plane  turns  at  this  high  speed,  the  blood  in  the  avia¬ 
tor's  body,  tending  to  move  forward  in  the  same  straight 
line,  is  forced  to  the  side  of  his  body.  Thus  the  sudden 
turn  interferes  with  the  movement  of  the  blood  through  the 
pilot's  body.  Aviators  sometimes  lose  consciousness  while 
making  a  sharp  turn  at  high  speed.  After  the  plane  has 
straightened  out  in  its  course,  the  blood  in  the  body  of  the 
aviator  moves  normally  again,  and  consciousness  returns. 

From  such  observations  we  may  summarize  the  rela- 


Fig.  161.  Owing  to  Centrifugal  Force, 
the  Outward  Pull  of  the  Hammer  in¬ 
creases  as  the  Man  swings  Around  and 
Around 
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Pictorial  News  Co.  Wide  World 

Fig.  162.  Centrifugal  Force  plays  an  Important  Part  in  the  Events  of 
Everyday  Life 

Why  is  the  race  track  in  A  banked  on  the  turns?  What  happens  to  the  pilot 
in  the  racing  plane,  B,  as  he  turns  a  corner  at  high  speed  ? 


tions  between  forces  and  objects.  First,  an  object  at  rest 
remains  at  rest  until  a  force  causes  it  to  move.  Second,  an 
object  in  motion  will  continue  in  motion  without  change 
in  speed  unless  a  force  acts  upon  it  to  make  it  go  faster 
or  slower.  Third,  an  object  in  motion  will  continue  in 
motion  in  a  straight  line  unless  some  force  acts  upon  it  and 
causes  the  direction  to  change. 

Let  us  develop  these  relations  a  little  more  fully.  The 
first  is  obvious.  An  object  does  not  start  to  move  unless 
An  object  in  something  starts  it.  The  second  is  less  ob- 

motion  tends  to  vious.  The  common  observation  is  that 
continue  to  move  force  must  be  continually  applied  to  keep 

an  object  moving.  A  ball  hurled  upward  into  the  air  rises 
with  lessening  speed  until  it  finally  comes  to  rest  and  starts 
downward.  An  automobile  does  not  run  on  and  on  after  the 
power  is  shut  off.  It  finally  comes  to  rest.  There  is  a  force 
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(gravity)  that  opposes  the  upward  motion  of  the  ball  and 
tends  to  pull  it  toward  the  earth.  There  is  a  force  (friction) 
between  the  moving  parts  that  opposes  the  motion  of  the 
automobile.  But  if  there  were  no  force  of  gravity  and  no 
friction,  the  moving  ball  or  the  moving  automobile  would 
continue  to  move  in  a  straight  line  with  undiminished  speed. 

The  relation  of  force  to  change  in  the  direction  in  which 
an  object  is  moving  (the  third  relation  mentioned)  may 
also  not  seem  obvious.  In  common  experience  about  the 
only  condition  in  which  an  object  moves  in  a  straight  line 
is  when  it  is  falling  directly  toward  the  center  of  the  earth. 
A  baseball  struck  with  a  bat  moves  along  a  curved  line, 
and  in  a  little  while  it  falls  to  the  ground.  You  may  think 
a  rifle  bullet  moves  in  a  straight  line,  but  it  does  not.  A 
bullet  moves  very  rapidly,  to  be  sure,  and  the  line  along 
which  it  moves  may  be  so  slightly  curved  that  it  seems 
straight.  A  marksman  knows,  however,  that  if  he  is  shoot¬ 
ing  at  a  distant  target,  he  must  aim  a  little  above  the  target 
in  order  to  hit  it. 

Let  us  illustrate  this.  A  baseball  may  be  struck  with 
force  enough  to  drive  it  250  feet  in  one  second.  A  rifle 
bullet  may  travel  2500  feet  in  one  second.  Gravity  pulls  ol> 
Suppose  a  gun  were  fired  from  a  position  jects  toward  the 
such  as  is  shown  in  Fig.  163.  The  gun  earth 
barrel  is  held  just  parallel  to  the  surface  of  the  earth. 
Careful  observation  will  show  that  at  the  end  of  one  second 
the  bullet  from  the  gun  will  have  curved  downward  by 
about  16  feet.  If  the  baseball  were  hit  from  the  same  posi¬ 
tion  and  started  along  a  line  that  is  just  parallel  to  the 
surface  of  the  earth,  the  line  along  which  the  ball  travels 
will  also  have  curved  downward  at  the  end  of  one  second 
by  about  16  feet.  The  rifle  bullet  curves  downward  16  feet 
while  traveling  2500  feet,  and  the  baseball  curves  down¬ 
ward  16  feet  while  traveling  250  feet.  Both  are  16  feet 
nearer  the  surface  of  the  earth  at  the  end  of  one  second. 
Evidently  a  force  is  acting  on  the  moving  bullet  and  on 
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Fig.  163.  The  Force  of  Gravity  acts  upon  Objects  in  Motion  and  changes 
the  Direction  in  which  they  Move 

Read  your  text  again  for  an  explanation  of  this  diagram 


the  moving  ball,  and  this  force  changes  the  direction  of 
the  motion.  This  force  of  attraction  in  both  cases  is  that 
of  gravity.  It  acts  upon  the  objects  in  motion  through  the 
air  and  changes  the  direction  through  which  they  move. 
But  if  there  were  no  force  of  gravity,  the  ball  and  the  bullet 
would  continue  in  a  straight  line. 

B.  Is  there  a  Gravitational  Attraction  between 
All  Objects? 

The  effect  of  the  force  of  gravity  plays  an  important 
part  in  everything  you  do  in  your  daily  life.  Consider 
the  things  you  do  most  often  during  the  day:  walking, 
running,  playing  ball,  jumping.  Would  any  of  these  things 
be  possible  without  the  help  of  gravity  ? 

The  effects  of  this  force  are  familiar  to  us,  but  the  force 
itself  is  one  of  the  most  puzzling  of  natural  phenomena,  or 
happenings.  Sir  Isaac  Newton  first  stated  the  laws  of 
gravitation.  Yet  neither  Newton  nor  anyone  since  his  time 
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has  explained  satisfactorily  why  objects  are  attracted  to  the 
earth  by  the  force  of  gravity.  Even  though  this  force  can¬ 
not  be  explained,  many  things  may  be  learned  about  it. 

When  you  have  read  about  the  solar  system,  you  have 
learned  that,  acting  through  distant  space,  gravitation 
holds  the  moon  in  its  course  around  the  earth,  and  the 
planets  in  their  courses  around  the  sun.  You  have  learned 
in  your  study  of  the  heavenly  bodies  that  centrifugal  forces 
set  up  by  the  revolution  of  these  bodies  are  in  the  opposite 
direction  to  the  forces  of  attraction  between  them.  These 
bodies  continue  in  their  regular  courses  only  because  the 
attractive  forces  and  the  centrifugal  forces  are  balanced 
one  against  the  other. 

In  the  case  of  the  moon,  for  example,  the  centrifugal 
force  which  tends  to  pull  the  moon  away  from  the  earth 
is  just  equal  to  the  force  of  attraction  which  tends  to  pull 
these  two  bodies  together.  These  equal  forces  may  be 
measured,  and  they  are  in  the  order  of  twenty  billion  billion 
tons.  You  see  some  of  the  effects  of  this  great  force  as  you 
watch  the  tides  of  the  ocean  rise  and  fall. 

The  attractive  forces  within  the  solar  system  are  ex¬ 
tremely  complex,  for  there  is  an  attractive  force  between 
the  sun  and  each  of  the  planets  and  their  Every  particle  0f 
moons,  and  there  is  an  attractive  force  matter  attracts 
between  each  of  these  bodies  and  every  eveir°therPartlcle 
other  in  the  system.  In  addition  there  is  a  force  of  attrac¬ 
tion  between  the  stars  and  all  the  other  bodies  distributed 
through  the  universe. 

The  force  of  attraction  of  one  object  for  another  is  uni¬ 
versal.  Between  objects  on  the  earth,  such  as  the  ones 
you  may  lift,  it  is  so  small  that  it  cannot 
be  observed  by  ordinary  means.  You  can¬ 
not  observe  the  attraction  of  one  rock  for 
another.  The  attraction  of  a  ball  of  lead 
the  size  of  a  basketball  for  a  ball  of  lead  the  size  of  a  base¬ 
ball,  however,  may  be  measured  if  very  accurate  instru- 
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ments  are  used.  This  force  is  extremely  small  when  com¬ 
pared  to  the  attraction  of  the  earth  for  these  objects,  since 
the  greater  the  masses  of  the  objects  the  greater  the  force 
of  attraction  of  one  for  the  other.  The  force  of  attraction 
of  the  earth  for  a  lead  ball  six  inches  in  diameter  is  about 
forty-five  pounds.  The  lead  ball  seems  heavy,  but  in 
comparison  with  the  mass  of  the  earth  the  mass  of  the 
ball  is  extremely  small. 


C.  What  is  the  Weight  of  an  Object? 

With  a  simple  spring  balance  similar  to  the  one  shown 
in  Fig.  164  you  may  measure  the  earth's  pull  on  an  object. 
w  .  The  spring  is  stretched  when  an  object  is 

ure  of  the  force  of  hung  from  it.  Why  ?  Because  the  earth 
gravity  attracts  the  object.  The  earth  pulls  all 

objects  toward  its  center.  It  is  easy  to  measure  the  force 
of  attraction  between  the  earth  and  objects  on  the  earth. 
When  you  say  that  a  certain  object  weighs  so  many  pounds, 
you  really  mean  that  the  attractive  force  between  the  earth 
and  the  object  is  so  many  pounds. 

Pounds,  ounces,  and  tons  —  all  these  are  common  units 
of  weight.  How  are  these  units  defined?  For  the  "stand¬ 
ard  pound"  an  amount  of  metal  sufficient  to  give  a  unit  of 
weight  of  convenient  size  was  chosen.  When  a  standard- 
pound  weight  is  hung  from  a  spring,  it  causes  the  spring 
to  stretch  a  certain  amount.  Any  other  object  which  causes 
the  spring  to  stretch  the  same  amount  weighs  the  same. 
An  object  which  causes  the  spring  to  stretch  twice  as 
much  weighs  twice  as  much.  An  object  which  is  attracted 
with  only  one  sixteenth  of  the  force  of  one  pound  weighs 
an  ounce.  An  object  which  is  attracted  by  two  thousand 
times  as  much  force  as  the  pound  weighs  one  ton. 

A  pound  of  force  is  the  force  of  attraction  between  the 
earth  and  a  standard  pound  of  matter.  Is  a  pound  a 
pound  the  world  around  ?  It  should  be  if  the  force  of  gravity 
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were  the  same  in  all  places.  But  the  force  of  gravity  is  not 
quite  the  same  everywhere.  Why?  The  attractive  force 
between  an  object  and  the  earth  changes  The  ^.eight  of  an 
as  the  distance  changes  between  the  ob-  object  is  not  the 
ject  and  the  center  of  the  earth.  A  little  same  eveirwhere 
thought  will  show  you  that  the  distance  of  an  object  on 
the  earth  from  the  center  of  the  earth  may  change.  As 
it  does,  weight  also  changes.  Thus  at  the 
top  of  a  mountain  about  ten  thousand  feet 
high  an  object  which  weighs  a  ton  at  sea 
level  will  weigh  about  one  pound  less  than 
a  ton. 

If  it  were  possible  to  move  an  object 
outward  from  the  surface,  that  is,  away 
from  the  center,  the  pull  of  gravity  would 
become  less.  If  it  were  moved  toward  the 
surface,  that  is,  nearer  the  center,  the 
force  would  become  greater.  This  does  not 
mean,  however,  that  if  you  could  dig  a  deep 
shaft  far  down  toward  the  center  of  the 
earth,  the  weight  of  an  object  would  become 
greater  and  greater  as  you  went  deeper  and 
came  close  to  the  center.  As  a  matter  of 
fact,  the  object  would  weigh  less  and  less. 

"How  is  this  possible?"  you  may  ask. 

Remember  that  the  force  of  gravity  is 
universal  and  that  every  particle  of  mat¬ 
ter  in  the  universe  attracts  every  other 
particle.  Thus  at  a  depth  of  some  four 
thousand  miles  the  force  of  gravity  pulling 
the  object  toward  the  center  of  the  earth 
would  be  balanced  by  the  pull  of  all  the 
matter  surrounding  the  object  between 
the  center  and  the  surface.  At  the  center  of  the  earth  the 
weight  of  an  object  is  zero  because  the  pull  from  all  di¬ 
rections  is  the  same.  The  weight  would  become  less  and 


Fig.  164.  A  Spring 
Balance  measures 
the  Weight  of  an 
Object  because  the 
Force  of  Gravity 
attracts  the  Object 
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Fig.  165.  As  an  Object  is  moved  away  from  the  Center  of  the  Earth,  the 
Pull  of  Gravity  becomes  Less 

The  diagram  shows  the  weight  of  a  standard  pound  at  various  points.  Why 
should  the  weight  become  less  as  the  object  nears  the  center  of  the  earth? 


less  as  the  object  was  lowered  from  the  surface  toward  the 
center.  Fig.  165  will  make  this  clearer. 

Again,  the  force  of  gravity  is  a  little  greater  at  the  poles 
than  at  the  equator.  Why?  Remember  that  the  earth  is 
nearly  but  not  quite  a  perfect  sphere.  It  is  slightly  flattened 
at  the  poles.  Thus  the  force  of  gravity  is  a  little  greater 
at  the  poles,  for  there  the  distance  to  the  center  of  the  earth 
is  less  than  it  is  at  the  equator. 

A  second  reason  why  the  force  is  greater  at  the  poles  is 
that  the  earth  is  turning  on  an  axis.  The  centrifugal  force 
is  greatest  at  the  position  on  the  earth  where  the  surface 
moves  fastest.  This  is  at  the  equator.  This  centrifugal 
force,  however,  is  very  small  in  comparison  with  the  force 
of  gravity.  The  difference  in  the  force  of  gravity  due  to 
greater  distance  from  the  center  is  also  small.  If  the  pull 
of  gravity  on  a  stone  is  200  pounds  at  the  equator,  the  pull 
of  gravity  on  the  same  stone  would  be  about  201  pounds 
at  the  poles. 

Does  all  this  mean  that  the  amount  of  matter  in  the 
standard  pound  changes  when  its  position  is  changed?  It 
does  not,  for  it  is  only  the  force  of  the  earth's  pull  on  the 
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same  amount  of  matter  that  is  different.  You  must  learn 
to  distinguish  between  mass  and  weight.  It  is  the  mass  of 
an  object  that  remains  the  same  wherever  r™  f  , 

it  may  be.  The  weight  of  a  definite  mass  ject  is  always  the 
of  matter  changes  as  it  is  moved  from  same 
one  place  to  another,  because  the  earth's  attraction  for 
objects  differs  slightly  in  different  parts  of  the  world.  The 


standard  pound  must 
be  thought  of  as  a 
pound  mass. 

The  metric  system 
of  weights  and  meas¬ 
ures  is  commonly 
used  in  scientific 
work  today.  In  this 
system  the  unit  of 
mass  is  almost  ex¬ 
actly  1  cubic  centi¬ 
meter  of  water  at  the 
temperature  of  its 
greatest  density,  4°  C. 
This  mass  is  1  gram. 
The  kilogram  (equal 
to  1000  grams)  is  the 
metric  unit  in  com¬ 
mon  use. 

The  value  of  the 
pound  is  fixed  by  an 
act  of  Congress  as 

^  of  a  kilogram. 


Density 


Fig.  166.  Hie  Largest  Object  does  not  always 
weigh  the  Most.  The  Weight  per  Unit  Vol¬ 
ume  is  the  Density 

At  the  left  are  shown  various  substances,  and  at 
the  right  their  density.  Each  of  the  blocks  shown 
would  have  the  same  weight.  Why  does  their 
volume  differ? 


2.2046 

This  means  that  the 
kilogram  is  equal  to  about  2.2  pounds.  One  gram  is  there¬ 
fore  equal  to  about  5^4  of  1  pound  (1000  -s-  2.2  =  454). 
In  Fig.  167  are  shown  two  of  the  standard  kilogram 
weights  used  by  the  government  to  check  other  weights. 
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United  States  Bureau  of  Standards 

Fig.  167.  The  Standard  Kilogram  is  2.2046  Pounds 


The  illustration  shows  two  of  the  standard  kilogram  weights  used  by  the  gov¬ 
ernment  for  checking  purposes.  These  weights  are  kept  under  glass  and  great 
care  is  used  in  handling  them.  They  are  never  touched  by  hands,  and  are  lifted 
only  with  felt-covered  forceps 

The  pull  of  the  moon  and  the  pull  of  the  planets  on  ob¬ 
jects  on  their  surfaces  are  not  the  same  as  the  pull  of  the 
The  force  of  grav-  earth  on  objects  on  its  surface.  The  force 
ity  is  different  on  of  gravity  on  the  surface  of  any  of  the 
different  planets  heavenly  bodies  depends  on  the  mass  of 

the  body.  The  mass  of  the  earth  is  more  than  eighty  times 
the  mass  of  the  moon.  The  force  of  gravity  on  the  surface 
of  the  earth  is  about  six  times  the  force  of  gravity  on  the 
moon.  If  the  attraction  between  the  earth  and  your  body 
is  a  force  of  120  pounds,  that  is,  if  you  weigh  120  pounds, 
the  attraction  between  the  moon  and  your  body  if  you 
were  on  the  moon  would  be  a  force  of  but  20  pounds.  The 
mass  of  your  body  would  be  the  same  of  course  on  the  earth 
as  on  the  moon. 

The  mass  of  Mars  is  about  one  third  the  mass  of  the 
earth.  Its  surface  gravity  is  only  a  little  more  than  one 
third  the  surface  gravity  of  the  earth.  Objects  of  equal 
mass  will  weigh  three  times  as  much  on  the  earth  as  on 
Mars.  The  mass  of  Jupiter  is  more  than  three  hundred 
times  the  mass  of  the  earth.  The  surface  gravity  on 
Jupiter  is  two  and  six-tenths  times  the  surface  gravity  on 
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the  earth.  The  surface  gravity  on  the  sun  is  nearly  twenty- 
eight  times  the  surface  gravity  on  the  earth.  A  mass  of 
1  pound  would  weigh  28  pounds  on  the  sun. 

Our  system  of  weights,  then,  is  really  one  which  measures 
the  pull  of  the  force  of  gravity  on  earth.  Forces  are  meas¬ 
ured  in  pounds  or  in  grams. 

Air  pressure  and  water  pressure  may  be  measured  in 
pounds  (or  grams)  per  square  inch  (or  square  centimeter). 
When  you  say  you  are  pushing  against  an  object  with  a 
force  of  50  pounds,  you  mean  that  the  force  you  are  exert¬ 
ing  is  great  enough  to  raise  a  mass  of  50  pounds  against 
the  force  of  gravity.  This  same  push  of  50  pounds  may 
be  sufficient  to  move  an  automobile  weighing  4000  pounds 
over  a  smooth  floor.  Do  you  see  why? 


D.  How  does  the  Force  of  Gravity  affect  Falling  Bodies? 

If  a  body  is  taken  far  above  the  earth  and  released,  it 
will  fall  toward  the  center  of  the  earth.  The  force  of  gravity 
pulls  the  falling  object  all  the  time,  and  0bjects  fall  with 
the  object  falls  faster  and  faster.  The  in-  uniform  accelera- 
crease  in  velocity,  or  speed,  is  by  equal  tlon 
amounts  during  successive  intervals  of  time.  The  velocity 
is  said  to  be  uniformly  accelerated.  Acceleration  is  rate  of 
gain  or  loss  in  velocity.  Uniform  acceleration  is  change  in 
velocity  by  an  equal  amount  in  equal  intervals  of  time. 

In  your  study  of  falling  objects  you  must  recognize  the 
effect  of  two  forces.  The  force  of  gravity  pulls  an  object 
down,  and  friction  with  the  air  tends  to  hold  it  back.  We 
may  study  these  forces  one  at  a  time. 

Consider  first  the  force  of  gravity.  Suppose  you  think 
of  a  steel  bullet  dropped  from  a  balloon  and  falling  through 
ten  thousand  feet  of  air.  Suppose  there  is  no  friction  at  all. 
The  moment  the  bullet  is  released  it  starts  to  move  toward 
the  center  of  the  earth.  The  velocity  increases  as  it  falls, 
for  the  force  of  gravity  is  a  continuous  pull.  At  the  end  of 
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two  seconds  the  bullet  is  falling  faster  than  at  the  end  of 
one  second.  At  the  end  of  three  seconds  it  is  falling  still 
faster.  If  there  were  no  friction  with  the  air,  the  gain  in 
velocity  during  each  second  the  bullet  is  falling  would  be 
the  same.  It  would  be  uniformly  accelerated. 

From  careful  observation  it  has  been  learned  that  a  fall¬ 
ing  body  like  the  bullet  would  be  falling  at  the  end  of  one 
second,  if  there  were  no  friction  with  air,  with  a  velocity  of 
about  32  feet  per  second.  At  the  end  of  two  seconds  it 
would  be  falling  at  the  speed  of  64  feet  per  second,  and  at 
the  end  of  three  seconds  the  speed  would  be  96  feet  per 
second.  In  other  words,  the  velocity  with  which  it  would 
fall  increases  at  the  rate  of  32  feet  per  second  each  second. 

The  higher  the  altitude  the  longer  it  takes  an  object  to 
reach  the  ground.  The  longer  this  time  is,  the  faster  the 
object  is  falling  and  the  greater  the  force  with  which  it  will 
hit  the  ground.  If  this  bullet  were  dropped  from  such  a 
height  that  it  would  take  ten  seconds  to  reach  the  ground,  its 
final  velocity  would  be  320  feet  a  second ;  if  twenty  seconds, 
its  final  velocity  would  be  640  feet  a  second,  and  so  on. 

Consider  now  another  question.  How  far  will  a  uniformly 
accelerated  body,  such  as  the  bullet  referred  to  above,  fall 
in  any  given  period  of  time?  If  it  were  not  held  back  by 
friction  with  air,  how  far  would  it  travel  in  one  second? 
in  ten  seconds?  in  twenty  seconds?  Look  at  the  accom¬ 
panying  table,  which  is  diagramed  in  Fig.  168. 

Velocity  of  Fall  Distance  of  Fall 


(in  Feet)  (in  Feet) 

At  the  beginning . .  0  0 

At  the  end  of  the  first  second .  32  16 

At  the  end  of  the  second  second  ....  64  64 

At  the  end  of  the  third  second .  96  144 

At  the  end  of  the  fourth  second  ....  128  256 

At  the  end  of  the  fifth  second .  160  400 

At  the  end  of  the  sixth  second .  192  576 

At  the  end  of  the  seventh  second  ....  224  784 

At  the  end  of  the  eighth  second .  256  1024 

At  the  end  of  the  ninth  second .  288  1296 

At  the  end  of  the  tenth  second .  320  1600 


Force  and  Motion 


311 


1600 


Looking  at  the  second  column  of  the  table,  you  will  see  the 
distance  the  object  has  fallen  in  any  given  period  of  time. 
What  are  the  relations  between  this  distance  and  the  time? 

Find  the  average 
velocity  of  the  falling 
body  for  the  given 
length  of  time.  To  find 
the  average  velocity, 
merely  add  the  begin¬ 
ning  velocity  to  the  fi¬ 
nal  velocity  and  divide 
by  two.  Then  multi¬ 
ply  the  average  veloc¬ 
ity  by  the  number  of 
seconds  during  which 
the  object  is  falling. 

For  example,  at  the 
end  of  five  seconds 
the  velocity  of  a  fall¬ 
ing  body  would  be  160 
feet  a  second  (32  x  5). 

The  average  velocity 
for  five  seconds  is 

therefore  ^±^  =  80. 

Multiply  80  by  5  (the 
number  of  seconds), 
and  you  get  400,  the 
number  of  feet  the 
bullet  fell  in  this  time. 

Similarly  you  may 
find  that  the  bullet  will  fall  1600  feet  in  ten  seconds.'  If  you 
continued  the  table  to  25  seconds,  you  would  find  that 
at  the  end  of  this  period  the  bullet  would  be  falling  with 
a  velocity  of  800  feet  per  second  and  would  have  fallen 
10,000  feet. 


Fig.  168.  Objects  fall  with  Uniform 
Acceleration 

By  the  use  of  this  graph  can  you  support  the 
statement  that  the  increase  in  velocity  of  a  fall¬ 
ing  object  is  by  equal  amounts  during  succes¬ 
sive  intervals  of  time  ?  How  does  this  graph  dif¬ 
fer  from  one  which  would  show  the  same  facts 
for  an  object  moving  away  from  the  earth  ? 
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In  other  words,  a  bullet  dropped  from  a  balloon  10,000 
feet  in  the  air,  if  there  were  no  air  resistance,  or  friction, 
would  reach  the  ground  in  twenty-five  seconds  and  at  the 
moment  it  hit  would  be  moving  with  a  velocity  of  800  feet 
per  second. 

From  these  figures  you  may  come  to  the  conclusion 
that  the  uniform  pull  of  gravity  uniformly  accelerates  the 
velocity  of  fall. 

At  one  time  people  believed  that  objects  of  different 
masses  would  fall  with  different  velocities.  Back  in  the 
Objects  of  differ-  seventeenth  century  Galileo  showed  that 
ent  masses  fall  with  this  was  not  so.  He  dropped  two  metal 
the  same  velocity  baus  0f  different  weights  from  the  leaning 

tower  of  Pisa  and  thus  demonstrated  to  a  passing  crowd 
that  the  balls  would  fall  with  the  same  velocity.  Pre¬ 
viously  people  believed  that  heavier  objects  would  fall 
faster  than  lighter  ones. 


E.  How  does  the  Force  of  Gravity  affect  an  Object 
that  is  moving  away  from  the  Earth? 

A  bullet  leaves  an  ordinary  rifle  with  a  velocity  of  about 
3200  feet  per  second.  Let  us  imagine  that  the  bullet  is 
shot  straight  upward.  If  there  were  no 
away  fromthein8  friction  with  the  air,  the  velocity  of  the 
earth  loses  speed  bullet  would  diminish,  as  it  rises,  at  the 

at  a  um  orm  rate  ra£e  32  feet  per  second  each  second. 

The  velocity  of  an  object  moving  away  from  the  earth 
diminishes  at  the  same  rate  that  the  velocity  of  an  object 
moving  toward  the  earth  increases.  Therefore  the  bullet 
would  continue  to  rise  for  one  hundred  seconds  (3200  32 

=  100).  The  average  velocity  at  which  it  travels  upward 
would  be  1600  feet  per  second,  and  in  the  interval  of 
one  hundred  seconds  it  would  rise  160,000  feet,  or  about 
30  miles.  At  the  end  of  this  time  its  velocity  would  be 
zero,  and  it  would  start  to  fall.  Of  course  there  is  friction 
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with  the  air,  and  so  the  bullet  would  not  really  rise  nearly 
as  high  as  30  miles. 

Thus  you  see  that  a  bullet  shot  straight  upward  from 
a  gun  is  acted  upon  by  the  same  force  that  pulls  a  falling 
bullet  to  the  earth.  As  the  bullet  moves  away  from  the 
earth,  the  force  of  gravity  diminishes  its  velocity  uniformly. 
As  it  falls  toward  the  earth,  the  force  of  gravity  increases 
its  speed  uniformly. 

If  you  live  near  some  large  harbor,  you  may  have 
visited  the  forts  there.  Perhaps  at  some  time  you  have 
been  aboard  large  battleships.  If  so,  you  have  probably 
seen  the  huge  guns  which  hurl  shells  for  many  miles  at  an 
unseen  target.  Have  you  ever  wondered  how  it  is  possible 
to  calculate  exactly  the  proper  angle  at  which  the  gun 
should  be  placed  or  the  amount  of  powder  that  should  be 
used?  While  many  things  must  be  considered  in  solving 
these  problems,  one  definite  part  of  the  figuring  concerns 
itself  with  the  effect  of  gravity. 

Have  you  ever  heard  of  the  gun  called  Big  Bertha ? 
During  the  World  War  the  Germans  hauled  this  gun  to  a 
point  about  seventy-five  miles  from  Paris  and  used  it  to 
hurl  shells  into  the  city.  Some  figures  on  it  may  illus¬ 
trate  how  gravity  must  be  considered  in  firing  such  a  gun. 

The  shell,  weighing  about  264  pounds,  was  fired  with  a 
velocity  of  about  5000  feet  a  second.  If  there  had  been  no 
air  resistance,  a  shell  fired  straight  upward  at  this  velocity 
would  have  risen  about  70  miles.  Of  course,  as  a  matter 
of  fact,  it  was  not  fired  straight  upward.  The  muzzle  of 
the  gun  was  raised  to  such  an  angle  that  the  line  of  travel 
would  carry  the  shell  so  high  in  the  air  that  it  could  not 
be  pulled  to  the  ground  by  the  force  of  gravity  before  it 
reached  Paris.  The  curved  path  along  which  the  shell 
traveled,  indicated  in  Fig.  169,  was  probably  as  much  as 
24  miles  above  the  earth  at  one  point.  An  interval  of  about 
six  minutes  was  required  for  the  shell  to  travel  the  dis¬ 
tance  between  the  gun  and  the  city  75  miles  away. 
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Fig.  169.  What  Evidence  of  the  Force  of  Gravity  can  you  find  in  this 
Diagram  showing  the  Path  of  the  Shell  fired  from  Big  Bertha ? 

After  a  diagram  in  the  Scientific  American 


F.  How  does  Friction  oppose  the  Force  of  Gravity? 

Notice  that  we  have  said  in  previous  sections  that  cer¬ 
tain  things  would  be  true  "if  there  were  no  air  resistance." 
Now  we  may  study  the  effect  of  air  resistance  on  the  veloc¬ 
ity  of  a  falling  body. 

The  experiences  of  parachute  jumpers  may  teach  a  good 
deal  about  the  effects  of  air  friction.  Men  with  parachutes 
have  jumped  from  airplanes  while  flying  as  high  as  23,000 
feet.  Ordinarily  they  open  the  parachute  soon  after  leav¬ 
ing  the  plane.  This  checks  the  rate  of  fall,  and  the  man 
floats  gently  to  earth  (Fig.  170,  B).  It  was  once  thought 
that  falling  through  the  air  for  a  great  distance  would 
cause  death.  In  spite  of  this,  daring  experimenters  have 
jumped  from  high  altitudes  and  have  delayed  opening  their 
parachutes.  They  have  allowed  themselves  to  fall  freely  for 
several  thousand  feet,  as  shown  in  Fig.  170,  A .  From  these 
and  other  observations  it  has  been  found  that  the  greatest 
velocity  reached  by  a  falling  man  is  only  about  200  feet 
per  second.  This  is  at  the  rate  of  about  140  miles  per  hour. 
You  may  have  read  of  racing  airplanes  and  automobiles 
that  have  traveled  at  a  much  greater  velocity  than  this 
without  injury  to  the  drivers. 
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Fig.  170.  The  Greatest  Velocity  reached  by  a  Man  falling  through  Space 
is  only  about  140  Miles  per  Hour 

A,  this  jumper  is  making  a  "delayed  opening"  jump.  B ,  air  friction  makes  it 
possible  for  a  parachute  jumper  to  land  safely 

The  bullet  you  studied  a  short  time  ago  would  have 
fallen  10,000  feet  in  twenty-five  seconds  had  it  not  been 
for  air  friction,  and  during  the  twenty-fifth  When  the  force  of 
second  would  have  fallen  800  feet.  The  friction  is  ®qual  t0 
man  would  fall  in  similar  fashion  if  he  ity,  theCbo°dygfaUs 
were  not  held  back  by  friction  with  the  at  a  uniform  rate 
air.  The  force  of  gravity  causes  the  man  to  fall  for  a  few 
seconds  with  increasing  velocity.  As  he  falls,  friction  be¬ 
comes  greater.  After  a  few  seconds  the  force  of  friction 
becomes  equal  to  the  force  of  gravity,  after  which  the 
velocity  is  no  longer  accelerated  and  the  rate  of  fall  is 
uniform. 

In  your  science  workroom  you  may  have  a  piece  of  ap¬ 
paratus  (sometimes  called  a  feather-and-coin  tube)  with 
which  you  may  study  the  effect  of  air  friction  on  falling 
bodies.  If  you  do  not,  you  can  make  one  that  will  serve. 
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The  apparatus,  as  you  can  see  from  Fig.  171,  is  merely  a 
piece  of  glass  tubing  about  1^  inches  in  diameter  and  about 
3  feet  long.  It  is  tightly  sealed  and  fitted 
up  in  such  a  way  that  air  may  be  pumped 
from  the  tube. 

When  you  are  ready  to  try  the  experi¬ 
ment,  place  a  feather  and  a  coin  inside. 
Now  seal  the  tube.  Turn  the  tube  so  that 
the  objects  in  it  will  fall  from  one  end  to 
the  other.  The  coin  falls  the  length  of  the 
tube  in  a  shorter  time  than  is  required  for 
the  feather. 

Remove  the  air  from  the  tube  with  an 
air  pump.  Now  turn  the  tube  again  so 
that  the  objects  in  the  tube  fall  from  one 
end  to  the  other.  Now  you  see  that  both 
the  coin  and  the  feather  fall  at  about  the 
same  rate. 

From  this  observation  you  may  de¬ 
cide  that  if  it  were  not  for  air  friction, 
all  objects  would  fall  with  the  same 
velocity. 

We  are  hardly  conscious  of  the  effects 
of  friction  on  a  slowly  moving  object.  In 
the  early  days  of  the  automobile  little 
thought  was  given  to  air  friction.  Fig. 
172  shows  a  model  of  1912  in  comparison 
with  a  model  of  1935.  At  speeds  up  to  25 
miles  per  hour  friction  with  air  is  not  im¬ 
portant,  but  at  higher  speeds  it  is  impor¬ 
tant.  At  60  miles  per  hour  the  friction 
between  the  car  and  the  air  through  which 
it  passes  is  very  great.  At  a  speed  of  60 
miles  an  hour  more  than  75  per  cent  of 
the  energy  from  the  gasoline  is  used  to  overcome  air  resist¬ 
ance.  Streamlining  of  automobiles  is  done  in  order  to 


Ewing  Galloway 

Fig.  171.  In  a  Vac¬ 
uum  All  Objects 
fall  with  the  Same 
Velocity 

You  may  test  the 
correctness  of  this 
statement  by  the  use 
of  a  feather-and- 
coin  tube 
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Fig.  172.  With  the  Development  of  the  High-Speed  Automobile,  Stream¬ 
lining  became  Increasingly  Important 

A ,  an  early  model;  B,  a  streamline  model  of  today.  How  should  you  like 
to  ride  in  the  old  model  at  60  miles  per  hour? 


reduce  the  friction  between  the  car  and  the  air.  Streamlin¬ 
ing  is  done  in  the  construction  of  the  new  high-speed  trains. 
Engineers  have  announced  that  if  all  they  streamlining  re¬ 
know  about  streamlining  were  applied  in  duces  friction 
building  automobile  bodies,  the  air  friction  would  be  re¬ 
duced  so  much  that  it  would  be  possible  to  get  twice  as 
many  miles  from  a  gallon  of  gasoline  as  is  secured  by  pres¬ 
ent  cars  while  driving  at  a  speed  of  40  miles  per  hour. 
Further  developments  in  streamlining  will  require  extreme 
changes  in  body  designs,  and  it  is  expected  that  these 
changes  will  come  in  a  short  time. 

The  force  that  holds  back  the  speed  of  an  airplane  is 
the  force  of  friction  with  the  air.  Airplane  bodies  are  care¬ 
fully  streamlined.  At  higher  altitudes  the  Friction  diminishes 
air  is  thinner  and  friction  with  the  air  is  as  the  air  pressure 
less.  Consequently  planes  can  travel  grows  less 
faster  at  high  altitudes.  Fig.  173  is  a  chart  of  barograph 
reading  made  during  a  recent  flight  into  the  stratosphere,  or 
upper  part  of  the  atmosphere.  (A  barograph  is  an  instru¬ 
ment  which  records  air  pressure.)  At  the  greatest  height 
(nearly  12  miles)  air  pressure  is  about  one  fifteenth  of  air 
pressure  at  the  surface.  In  this  thin  air  friction  is  not  nearly 
so  great  as  it  is  near  the  surface.  Aviation  engineers  be- 
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Fig.  173.  At  Higher  Altitudes  the  Air  is  Thinner,  Air  Friction  is  Less,  and 
Planes  can  travel  at  Higher  Speed 

Notice  in  this  barograph  reading  how  the  air  pressure  decreased  with  altitude. 
(By  courtesy  of  the  National  Geographic  Society) 

lieve  that  if  a  plane  could  be  built  so  that  it  could  fly  at 
an  elevation  of  20  miles,  they  might  fly  at  a  speed  of  1000 
miles  per  hour.  At  this  speed  a  flyer  at  the  equator  could 
just  about  keep  up  with  the  vertical  ray  of  the  sun. 

In  the  study  of  machines  we  shall  study  the  effects  of 
forces  on  objects.  Machinery  is  used  to  apply  forces,  and 
the  forces  may  cause  objects  that  are  at  rest  to  move  and 
objects  that  are  in  motion  to  move  faster.  Forces  may 
cause  objects  that  are  moving  to  move  more  slowly  or  to 
stop.  Forces  may  cause  objects  that  are  moving  in  a 
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straight  line  to  move  in  some  other  direction.  The  two 
forces  with  which  we  shall  always  have  to  reckon  in  the 
study  and  use  of  machines  are  the  force  of  gravity  and  the 
force  of  friction.  The  force  of  gravity  is  nearly  the  same 
in  all  positions  on  the  surface  of  the  earth.  The  force  of 
friction  is  not  the  same  when  conditions  are  changed. 

The  simplest  definition  of  the  force  of  gravity  is  in  terms 
of  acceleration.  It  is  the  force  that  gives  to  a  freely  falling 
body  an  acceleration  (increase  in  velocity)  of  32  feet  (or 
980  centimeters)  per  second  each  second. 


Forces  are  constantly  in  evidence  in  the  environment.  Force 
may  be  defined  as  a  push  or  pull  that  tends  (1)  to  put  an  ob¬ 
ject  in  motion,  (2)  to  change  the  velocity  of  a  moving  object, 
or  (3)  to  change  the  direction  in  which  an  object  is  moving. 


Can  You  Answer  These  Questions? 

1.  How  does  the  force  of  gravity  control  the  motion  of  the 
bodies  of  the  solar  system  ? 

2.  What  is  the  definition  of  weight  ? 

3.  Is  a  pound  a  pound,  the  world  around?  What  differences 
are  there  ?  What  is  the  explanation  for  these  differences  ? 

4.  What  is  the  mass  of  an  object  ?  Distinguish  between  mass 
and  weight. 

5.  What  is  meant  when  it  is  said  that  velocity  is  uniformly 
accelerated  ? 

6.  If  there  were  no  friction,  how  far  would  an  object  fall 
during  the  interval  between  the  tenth  and  the  eleventh  second 
after  it  was  released  ? 

7.  If  there  were  no  friction,  how  far  would  an  object  dropped 
from  a  balloon  high  in  the  air  fall  in  twelve  seconds  ? 

8.  Why  is  it  that  a  man  falling  through  the  air  does  not  reach 
a  greater  speed  than  about  140  miles  per  hour  ? 

9.  What  is  meant  by  negative  acceleration  ? 
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10.  What  is  friction?  How  does  it  affect  the  things  of  every¬ 
day  life  ? 

11.  What  is  the  purpose  of  streamlining?  What  are  some  of 
its  advantages? 

12.  In  a  feather-and-coin  tube  the  light  object  and  the  heavy 
object  fall  through  a  vacuum  at  the  same  rate.  In  the  air  the 
coin  falls  faster.  Why  is  this  so  ? 

Questions  for  Discussion 

1.  Can  you  think  of  anything  you  do  which  is  not  to  some 
extent  helped  or  hindered  by  the  effect  of  the  force  of  gravity? 

2.  Why  is  it  so  difficult  to  explain  just  what  the  force  of 
gravity  is  ? 

3.  Is  there  any  place  in  the  universe  where  objects  are  not 
affected  by  the  force  of  gravity  ? 

4.  Balloons  have  risen  in  the  stratosphere  (upper  portion  of 
the  atmosphere)  as  high  as  12  miles.  Suppose  a  bullet  were 
dropped  from  this  height.  If  there  were  no  friction  with  the  air, 
how  long  would  it  be  before  the  bullet  reached  the  ground? 
(Because  of  friction  with  the  air  the  velocity  of  the  falling  bullet 
will  not  be  greater  than  1000  feet  per  second.)  About  how  long 
will  it  really  take  for  the  bullet  to  reach  the  ground?  Suppose 
a  dummy  of  the  size  and  weight  of  a  man  were  thrown  out  of  a 
balloon  at  a  height  of  12  miles ;  about  how  much  time  would  elapse 
before  the  dummy  reached  the  ground  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  What  do  you  know  about  the  history  of  our  weights  and 
measures?  Did  the  Romans  use  the  same  system  that  we  do? 
the  Greeks  ?  the  Egyptians  ?  Prepare  a  class  report  or  a  booklet 
on  "The  Story  of  our  Weights  and  Measures." 

2.  The  regulation  of  weights  and  measures  in  the  United 
States  is  under  the  direction  of  the  Bureau  of  Standards.  See 
what  you  can  find  out  about  this  bureau,  its  work,  and  how  im¬ 
portant  it  is  in  daily  life. 


Chapter  XVI  •  What  are  Some  of  the  Relations 
between  Force,  Work,  and  Power? 

In  the  last  chapter  we  discussed  some  of  the  forces  which 
are  in  evidence  in  the  environment.  What  part  do  forces 
play  in  everyday  life?  There  are  many  answers,  but  we 
could  summarize  them  by  saying  that  forces  do  the  work 
of  the  world.  Should  you  agree  with  this  statement? 


A.  What  is  Work,  and  How  is  it  Measured? 

Notice  the  familiar  word  work.  The  word  is  used  in 
many  different  ways.  We  say  we  do  a  day’s  work  or  that 
we  work  on  a  problem.  We  speak  of  the  work  of  the  world 
or  the  work  that  a  factory  is  doing.  These  are  loose  uses 
of  the  word  work.  The  statements  do  not  have  exact 
meaning.  When  an  engineer  speaks  of  work,  however,  be 
has  a  very  definite  meaning  in  mind,  one  that  is  exact 
and  means  the  same  at  all  times  and  under  all  conditions. 

Scientifically  speaking,  work  is  done  when  a  force 
moves  an  object  through  a  distance.  Force  and  distance 
may  be  measured,  so  work  may  be  measured.  "How?” 
you  ask.  Suppose  you  have  on  your  desk  a  one-pound  mass. 
As  you  know,  this  mass  is  a  one-pound  mass  because  a 
force  of  one  pound  is  required  to  raise  it  against  the  pull 
of  gravity.  If  you  raise  this  mass  through  a  distance  of  one 
foot  against  the  pull  of  gravity,  one  foot-pound  of  work  is 
done.  Similarly  if  you  raise  it  two  feet,  two  foot-pounds 
of  work  are  done.  If  you  raise  two  pounds  through  two 
feet,  four  foot-pounds  of  work  are  done,  and  so  on. 

This  concept,  or  idea,  of  the  foot-pound  is  an  important 
one,  for  in  science  the  foot-pound  is  used  as  a  unit  for 
measuring  work.  It  has  under  all  conditions  the  same  (or 
nearly  the  same)  value. 
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You  may  say  that  a  foot-pound  is  not  the  same  at  the 
equator  and  the  poles,  owing  to  the  difference  in  the  force 
Work  is  measured  of  gravity  at  these  points.  As  you  have 
in  foot-pounds  seen,  however,  the  differences  in  the  earth's 
attraction  for  the  pound  mass  at  different  points  on  its 
surface  are  so  slight  that  for  ordinary  purposes  we  may  dis¬ 
regard  them.  For  the  present,  then,  you  may  use  this  unit  of 
the  foot-pound  just  as  if  it  had  the  same  value  under  all  con¬ 
ditions.  If  you  continue  your  work  in  science,  you  may  at  a 
later  time  find  need  for  a  still  more  exact  definition  of  work. 

"But,"  you  may  say,  "not  all  work  consists  of  lifting 
objects  against  the  force  of  gravity."  True.  Many  times 
you  will  want  to  measure  work  done  in  moving  objects  in 
other  directions  than  straight  away  from  the  earth's  center. 
How,  for  example,  should  you  measure  the  work  done  as 
you  pull  an  object,  say  a  mass  of  iron,  over  the  surface  of 
a  smooth  table  top  ?  As  in  our  first  example,  the  force  re¬ 
quired  to  move  the  mass  of  iron  may  be  registered  with  a 
spring  balance.  You  may  find  that  one  pound  of  force  will 
move  a  mass  of  considerably  more  than  one  pound.  In 
measuring  work  the  amount  of  mass  is  not  considered, 
only  the  force  that  is  required  to  move  it.  Thus  we  say 
that  a  pound  of  force  (as  registered  on  a  spring  balance) 
moving  through  a  distance  of  one  foot  in  any  direction  is 
a  foot-pound  of  work.  A  little  later  we  shall  see  how  many 
foot-pounds  of  work  are  done  in  driving  a  locomotive,  an 
automobile,  and  an  airplane. 

Let  us  see  if  we  can  apply  what  we  have  learned.  You 
may  climb  from  the  first  floor  to  the  second  floor  of  your 
school  building  many  times  a  day.  Suppose  you  weigh 
110  pounds  and  that  the  top  of  the  stairway  is  15  feet 
above  the  bottom.  How  many  foot-pounds  of  work  have 
you  done  each  time?  In  this  case  1650  (110  X  15)  foot¬ 
pounds.  A  heavier  person  will  of  course  do  more  work 
and  a  lighter  person  will  do  less  work  in  climbing  the  same 
stairs.  Do  you  see  why  ? 
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Notice  that  the  time  taken  in  climbing  the  stairs  does 
not  affect  the  amount  of  work  done.  Whether  you  climb 
the  stairs  in  thirty  seconds  or  three  minutes,  you  still 
do  the  same  amount  of  work;  that  is,  you  climb  the 
stairs.  The  time  is  not  considered  in  measuring  the  work. 
The  amount  of  work  and  the  amount  of  power,  however, 
are  two  different  things,  as  you  will  see  in  the  next  section. 


B.  What  is  Power,  and  How  is  it  Measured? 

Just  as  in  the  case  of  the  word  work,  the  word  power  is 
used  in  many  different  ways.  We  say  that  an  automobile 
has  tremendous  power,  that  the  power  of  a  new  locomotive 
is  far  beyond  any  which  has  gone  before,  or  even  that  a 
certain  ruler  has  great  power  over  his  subjects.  Obviously 
the  word  power  does  not  mean  the  same  in  each  of  these 
cases.  The  word  power  too  needs  to  be  defined  in  more 
exact  terms.  Can  this  be  done? 

In  a  scientific  sense  power  is  defined  as  "rate  of  doing 
work.”  Horsepower  (often  written  H.  P.)  is  the  unit  in 
common  use.  Originally  a  horsepower  was  power  is  the  rate 
considered  to  be  the  rate  at  which  a  horse  of  doin§  work 
works;  but  since  different  horses  work  at  different  rates, . 
the  definition  is  not  very  helpful.  Today  the  scientific 
definition  of  1  horsepower  is  work  at  the  rate  of  550  foot¬ 
pounds  per  second.  This  is  the  same  as  33,000  foot-pounds 
per  minute.  You  may  wish  to  learn  at  how  many  horse¬ 
power  you  can  work. 

Look  at  the  figures  you  secured  for  the  stair-climbing 
illustration.  Suppose  you  find  that  you  can  climb  these 
stairs  in  thirty  seconds.  You  would  be  working  at  the  rate 
of  1650  foot-pounds  in  thirty  seconds,  or  55  foot-pounds 
in  one  second.  Since  1  horsepower  is  work  at  the  rate  of 
550  foot-pounds  in  one  second,  you  are  working  as  you 
climb  the  stairs  at  the  rate  of  TV  horsepower.  Could  you 
work  faster  than  this  ? 
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You  may  be  able  to  climb  the  stairs  in  five  seconds.  In 
this  case  you  are  working  at  the  rate  of  1650  foot-pounds 
.  in  five  seconds,  or  330  foot-pounds  in  one 
common'VunitSof  second.  This  is  at  the  rate  of  x8q  horse- 
work1™8  rate  of  power.  If  the  stairs  were  very,  very  high 
and  you  were  to  continue  for  a  long  time, 
you  would  soon  slow  down  to  a  rate  of  about  or  Xo 
horsepower.  A  strong  man  may  work  through  an  eight- 
hour  day  at  the  rate  of  about  •§•  horse  power. 

Do  you  now  see  the  difference  between  the  unit  of  work 
and  the  unit  of  power?  One  engine  may  do  3,300,000  foot¬ 
pounds  in  one  hundred  minutes;  another  engine  may  do 
this  same  amount  of  work  in  one  minute.  The  amount  of 
work  is  the  same,  but  the  first  engine  is  working  at  the  rate 
of  1  horsepower  (33,000  foot-pounds  per  minute)  while  the 
second  engine  is  working  at  the  rate  of  100  horsepower 
(3,300,000  foot-pounds  per  minute). 

Other  common  observations  may  be  used  to  make  more 
vivid  the  definitions  we  have  given.  For  example,  what  is 
the  horsepower  of  falling  water  ?  A  pound  of  water  falling 
1  foot  is  thought  of  as  doing  the  same  amount  of  work  as 
is  done  in  raising  a  pound  of  water  1  foot.  Suppose,  then, 
that  water  is  running  over  the  falls  at  the  rate  of  3300 
pounds  in  a  minute  and  is  falling  10  feet.  In  this  case  the 
power  of  the  falls  is  33,000  foot-pounds  per  minute.  This 
is  at  the  rate  of  1  horsepower.  The  power  plant  of  Boulder 
Dam  will,  when  completed,  develop  some  663,000  horse¬ 
power.  The  dam  is  about  700  feet  high.  With  these  figures 
can  you  tell  how  many  pounds  of  water  must  pass  over  the 
dam  in  one  minute? 


C.  How  may  we  use  Simple  Machines  to  do  Work? 

When  we  use  the  term  simple  machines,  we  are  not 
thinking  of  automobiles,  locomotives,  or  the  types  of  ma¬ 
chines  used  in  manufacturing  plants.  These  are  machines, 
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but  they  are  not  simple.  Rather  we  are  thinking  of  other 
types  of  machines,  including  some  things  used  in  everyday 
life  which  many  people  do  not  consider 

J  ^  ^  I  here  are  many 

machines  at  all.  For  example,  a  tire  simple  machines 

must  be  changed  on  the  family  car.  You  m  eveirday  use 
take  out  a  jack  and  go  to  work.  The  jack,  as  you  can 
see  from  Fig.  174,  is  usually  a  type  of  lever,  which,  in 
turn,  is  one  type  of  simple  machine.  If  you  live  in  a  city, 
you  may  have  seen 
men  lift  a  piano  from 
a  truck  and  through 
a  window  on  the  fifth 
or  sixth  floor  of  an 
apartment  house.  The 
principal  part  of  their 
equipment  is  a  block 
and  tackle  like  the 
one  shown  in  Fig. 

175.  This  is  a  set  of 
pulleys  blocked  to¬ 
gether.  A  pulley  is  an¬ 
other  type  of  simple 
machine.  There  are 
others.  When  an  auto¬ 
mobile  is  being  driven 
in  low  or  second  gear,  certain  wheels  called  gear  wheels  are 
being  used.  These  gear  wheels  are  really  simple  machines. 

So  you  see  all  around  you  examples  of  simple  machines. 
We  have  named  three.  These  are  not  all,  but  are  used 
merely  as  examples.  Because  of  their  importance  to  the 
development  of  work  and  power  it  is  necessary  that  we 
learn  something  about  simple  machines  and  their  use.  Per¬ 
haps  the  easiest  way  to  do  this  is  to  study  some  typical 
cases  of  their  use. 

Imagine  that  you  are  a  visitor  to  a  large  stone  quarry. 
In  one  corner  two  men  are  standing  near  a  block  of  stone 


Ewing  Galloway 

Fig.  174.  A  Common  Jack  is  One  Type  of 
Lever  and  thus  a  Simple  Machine 
On  what  does  the  efficiency  of  the  jack  depend? 
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which  has  been  sawed  into  a  mass  4  feet  long,  1  foot  wide, 
and  1  foot  thick.  These  4  cubic  feet  of  stone  weighing,  say, 
600  pounds,  are  to  be  loaded  on  a  truck  and  taken  to  the 
near-by  city.  The  truck  arrives,  and  the  driver  unloads 
certain  tools.  There  are  a  steel  bar,  a  block  and  tackle, 
some  pieces  of  chain,  and  some  rope.  At  the  end  of  the 

truck  is  a  derricklike  ar¬ 
rangement.  The  immedi¬ 
ate  problem  is  to  get  the 
stone  off  the  ground  suffi¬ 
ciently  to  permit  placing 
a  length  of  chain  around 
it.  After  that  is  done,  the 
block  will  be  rigged  up 
with  rope  and  attached 
to  the  derrick.  The  stone 
will  then  be  lifted  into  the 
air  and  swung  onto  the 
truck.  How  do  the  men 
begin?  Study  Fig.  175. 

First  they  use  their  iron 
bar,  which  is  a  simple  ma¬ 
chine  of  the  lever  type. 
One  end  of  the  bar  is 
pushed  under  the  edge  of 
the  stone.  The  other  end 
of  the  bar  is  raised  so  that  a  block  of  wood  may  be  set  in 
the  position  shown  in  the  picture.  This  block  of  wood  serves 
The  lever  is  a  as  a  fulcrum,  or  support  for  the  lever, 
simple  machine  Notice  that  the  fulcrum  is  close  to  the 
stone.  In  this  condition  a  small  force  downward  on  one  end 
of  the  bar  exerts  a  powerful  force  upward  at  the  other  end 
of  the  bar.  This  is  important;  for  the  stone  weighs  600 
pounds,  and  a  force  of  about  300  pounds,  that  is,  half  the 
weight  of  the  stone,  is  required  to  raise  one  end  of  the  stone 
sufficiently  to  slip  a  chain  under  it. 
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Examine  with  some  care  the  process  used  in  raising  this 
one  end  of  the  stone.  Suppose  the  fulcrum  is  set  just  6  inches 
from  the  end  of  the  block.  Suppose  too  that  it  is  just 
5  feet  from  the  fulcrum  to  the  end  of  the  bar  where  the  force 
is  applied.  You  could  show  by  measurement  that  a  force 
of  about  30  pounds  applied  at  the  end  of  the  lever  will  be 
sufficient  to  raise  the  load  of  300  pounds. 

Notice  the  advantage  that  is  gained  through  the  use  of 
the  lever.  In  this  case  an  effort  of  30  pounds  balances  a 
resistance,  or  opposing  force,  of  300  pounds.  The  ratio  of 
resistance  to  effort  is  called  mechanical  advantage.  With 
this  lever  the  mechanical  advantage  is  10  =  10).  In 

other  words,  a  force  of  30  pounds  is  sufficient  to  move  a 
resistance  of  300  pounds. 

But  how  much  work  is  done  at  each  end  of  the  lever? 
How  does  the  work  done  in  pushing  the  end  of  the  lever 
down  compare  with  the  work  done  in  raising  the  load  ?  In 
other  words,  how  does  the  work  put  into  the  machine 
compare  with  the  work  that  comes  out  of  it?  Let  us 
measure  the  force  applied  and  the  distance  through  which 
it  moves. 

It  will  be  necessary  to  raise  the  block  at  least  2  inches 
before  a  chain  can  be  slipped  under  it.  Two  inches  is  ^ 
foot.  The  work  done  in  raising  300  pounds 
through  i  foot  is  50  foot-pounds  (300  X  i  Simpfemachines 
=  50).  The  force  of  30  pounds,  however,  may  be  illustrated 
which  is  applied  at  the  free  end  of  the 
lever  moves  through  a  much  greater  distance  as  the  block 
is  raised.  Measurement  would  show  that  this  force  moves 
through  20  inches,  or  If  feet,  while  the  load  end  of  the  lever 
is  raised  2  inches.  Therefore  the  work  done  at  the  free  end 
of  the  lever  is  also  50  foot-pounds  (30  X  If  =  50).  In 
other  words,  the  work  done  where  the  force  is  applied  at 
the  end  of  the  lever  (50  foot-pounds)  is  just  equal  to  the 
work  done  in  raising  the  load.  This  illustrates  one  prin¬ 
ciple  of  machines. 
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This  principle  might  be  stated  in  different  ways.  For 
example,  we  might  say  that  the  effort  times  the  distance 
through  which  it  moves  is  equal  to  the  resistance  times  the 
distance  through  which  it  moves.  Is  this  a  correct  state¬ 
ment  ?  Can  you  support  it  ?  Again,  we  might  say  that  the 
work  done  to  the  machine  is  equal  to  the  work  done  by  the 
machine.  In  the  lever  it  is  easy  to  see  these  relations.  In 
other  simple  machines  it  is  not  easy,  for  much  of  the  effort 
is  used  to  overcome  friction. 

If  you  wish  to  study  these  relations  further,  you  can 
set  up  additional  problems  for  yourself.  What  would  hap¬ 
pen  if  you  moved  the  fulcrum  nearer  the  edge  of  the  stone? 
Suppose  the  crowbar  were  longer  ? 

From  these  observations  of  the  lever  two  important 
principles  may  be  derived : 

1.  When  the  effort  is  applied  to  the  longer  arm  of  the  lever, 
the  mechanical  advantage  is  greater  than  1. 

2.  The  work  done  (foot-pounds)  by  the  effort  is  just  equal  to 
the  work  done  in  raising  the  load.  (There  is  but  little  loss  on 
account  of  friction  in  this  simple  lever.) 


Let  us  go  on  with  our  observations  of  the  men  and  their 
problem  of  raising  the  stone  and  getting  it  onto  the  truck. 

The  pulley  is  an-  They  °f  course  did  not  stoP  to  dgUre  out 
other  type  of  sim-  scientifically  just  how  long  their  lever 
pie  machine  should  be  or  where  the  fulcrum  should 

be  placed.  They  merely  pushed  the  fulcrum  to  a  point 
where  effort  applied  to  the  lever  would  lift  the  stone.  After 
it  was  lifted,  one  of  the  men  slipped  a  chain  under  the 
stone  and  fastened  the  chain  on  top.  The  men  then  ar¬ 
ranged  the  block  and  tackle.  Let  us  look  at  it.  The  simple 
machine  used  here  consists  of  two  blocks  of  two  pulleys  each, 
properly  threaded  with  strong  ropes,  as  shown  more  clearly 
in  Fig.  176.  One  of  the  blocks  is  attached  to  the  derrick, 
and  the  other  is  attached  to  the  chain.  As  the  pulleys  hang 
from  the  derrick,  you  see  four  strands  of  rope  between 
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the  two  blocks.  Two  of  the  men  take  hold  of  the  loose  end 
of  the  rope  and  start  pulling  it  through  the  pulleys.  As 
they  pull,  the  stone  is  slowly  raised.  Evidently  it  is  not 
difficult  for  two  men  to  raise  a  load  of 
600  pounds  with  a  block  and  tackle  like 
this  one.  After  a  few  minutes’  work  the 
stone  has  reached  the  proper  height.  The 
men  stop  pulling,  and  swing  the  stone  into 
the  truck.  Then  they  release  the  rope, 
and  the  stone  is  lowered  to  the  floor.  The 
block  and  tackle  is  removed,  and  the  tools 
are  placed  back  on  the  truck. 

But  let  us  study  this  block  and  tackle 
a  little  more  carefully  and  see  if  we  can 
determine  why  the  men  could  lift  such 
a  heavy  load  with  it. 

You  noticed  that  one  man  with  a  lever 
rather  easily  raised  the  block  of  stone  2 
inches.  With  the  block  and  tackle,  how¬ 
ever,  two  men  found  it  a  harder  job  to 
raise  the  stone.  Why  this  difference? 

There  is  of  course  considerable  friction 
between  the  parts  of  this  simple  machine, 
but  we  find  by  measurement  that,  if  fric¬ 
tion  is  ignored,  a  force  (a  pull)  of  150 
pounds  would  be  necessary  to  support  the 
weight  of  the  stone.  The  resistance,  then, 
is  four  times  the  effort.  The  mechanical 
advantage  is  therefore  4.  What  was  it 
in  the  case  of  the  lever? 

Again,  by  measurement  one  could  find 
that  it  is  necessary  to  pull  4  feet  of  rope 
through  the  pulleys  shown  in  Fig.  176  in  order  to  raise  the 
stone  1  foot.  The  effort  moves  through  4  feet  while  the  re¬ 
sistance  moves  1  foot.  The  ratio  of  the  force  distance  to  the 
effort  distance  (f)  is  the  same  as  the  mechanical  advantage. 


Fig.  176.  The  Num¬ 
ber  of  Strands  of 
Rope  between  the 
Two  Blocks  of  a 
system  of  Pulleys  is 
Equal  to  the  Me¬ 
chanical  Advantage 
of  this  simple  Ma¬ 
chine 

What  is  the  mechan¬ 
ical  advantage  of  this 
system  of  pulleys  ? 
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The  work  done  in  raising  the  stone  1  foot  is  600  foot¬ 
pounds  (600  X  1  =  600).  It  may  be  necessary  to  raise  the 
stone  5  feet  in  order  to  load  it.  The  work  done  in  raising 
a  load  of  600  pounds  to  a  height  of  5  feet  is  3000  foot¬ 
pounds  (600  X  5  =  3000).  In  order  to  raise  it  5  feet,  how¬ 
ever,  20  feet  of  rope  must  be  drawn  through  the  pulleys. 
In  other  words,  the  effort  acts  through  a  distance  of 
20  feet  (150  x  20  =  3000). 


On  account  of  friction  it  is  obvious  that  considerable 
effort  will  be  required  to  pull  the  rope  through  the  pulleys. 

The  efficiency  of  a  Practice  an  eff°rt  °f  300  pounds,  in- 
machine  may  be  stead  of  150,  might  be  required  to  raise 
measured  this  600-pound  stone.  If  this  were  the 

case,  the  work  done  in  raising  this  stone  would  be  6000 
foot-pounds  (300  X  20  =  6000).  On  account  of  friction 
6000  foot-pounds  of  work  must  be  applied  in  order  to  do 
3000  foot-pounds  of  work  on  the  stone. 

The  ratio  of  the  work  done  on  the  resistance  to  the  work 
done  by  the  effort  is  called  the  efficiency  of  the  machine. 
This  efficiency  is  expressed  as  a  percentage.  Such  a  ratio 
tells  what  per  cent  of  the  work  done  by  the  effort  is  really 
applied  to  raising  the  load  and  how  much  of  the  work  is 
lost  in  friction.  In  this  case  the  efficiency  of  the  block  and 
tackle  is  50  per  cent. 

A  principle  illustrated  by  the  block  and  tackle  is  the 
same  as  one  of  the  principles  illustrated  by  the  lever.  Dis¬ 
regarding  friction,  the  work  done  by  the  force  applied  to  the 
rope  is  just  equal  to  the  work  done  in  raising  the  load.  In 
this  case  a  considerable  amount  of  the  work  done  is  used 
to  overcome  friction. 

When  the  stone  is  suspended  from  the  pulleys,  you  may 
see  that  the  weight  is  really  supported  by  four  strands  of 
rope.  The  strain  on  each  strand  is  therefore  one  fourth  of 
600  pounds,  or  150  pounds.  An  effort  of  150  pounds  on  the 
loose  end  of  the  rope  is  therefore  sufficient  to  support  the 
weight  of  the  stone. 
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We  may  summarize  these  observations  on  the  pulley 
system : 

1.  The  mechanical  advantage  is  greater  than  1. 

2.  The  work  done  by  the  effort  is  equal  to  the  work  done  in 
raising  the  load  plus  the  work  done  in  overcoming  friction. 

3.  Efficiency  is  the  ratio  of  the  total  work  done  by  the  effort 
to  the  work  accomplished  in  raising  the  load.  The  efficiency  of 
the  block  and  tackle  is  low  in  comparison  with  the  lever. 

4.  The  number  of  strands  of  rope  between  the  two  blocks  is 
equal  to  the  quotient  obtained  by  dividing  the  load,  or  resistance, 
by  the  effort.  This  is  the  mechanical  advantage  of  the  machine. 

You  have  seen  many  applications  of  levers  and  pulleys, 
but  in  all  of  them  the  general  principles  are  the  same.  The 
mechanical  advantage  is  the  ratio  of  resistance  to  effort. 
It  is  also  the  ratio  of  the  effort  distance  to  the  resistance 
distance.  With  the  lever  it  is  the  ratio  of  the  length  of  the 
two  lever  arms.  With  the  pulleys  it  is  equal  to  the  num¬ 
ber  of  strands  supporting  the  resistance. 

How  much  advantage  may  be  gained  through  the  use 
of  a  lever?  If  the  short  lever  arm  were  made  shorter  or 
the  long  lever  arm  longer,  obviously  the  mechanical  ad¬ 
vantage  would  be  greater.  Archimedes,  a  scientist  of 
ancient  Greece,  said  that  if  he  could  have  a  lever  that 
was  long  enough  and  strong  enough,  and  a  fulcrum  to  sup¬ 
port  it,  he  could  move  the  earth. 

In  a  garage  you  have  probably  seen  a  mechanic  push 
a  heavy  jack  under  the  rear  of  a  large  automobile  or  a 
truck  and  easily  raise  the  wheels  off  the  A  leyer  may  have 
floor.  The  jack  is  a  lever.  When  the  handle  a  great  mechanical 
is  pushed  down,  the  car  is  raised  only  a  advanta§e 
very  little.  The  handle  must  be  raised  and  lowered  several 
times  before  the  wheels  are  off  the  floor.  The  weight  that 
is  raised  may  be  2  tons  or  even  more.  Probably  an  effort 
of  50  pounds  applied  to  this  jack  will  raise  2  tons  (4000 
pounds).  This  requires  a  mechanical  advantage  of  80 
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A,  a  lever  of  the  first  class ;  B,  a  lever  of  the  second  class ;  C  and  D,  levers 
of  the  third  class.  Do  you  know  of  any  other  common  applications  of  these 
various  levers  ? 


(80  X  50  =  4000).  Therefore  the  lever  arm  must  be  80 
times  longer  than  the  weight  arm.  If  the  lever  arm  is 
60  inches  long,  the  weight  arm  must  be  f  inch  long 
(60  +  80  =  f). 

So  far  we  have  talked  about  levers  generally,  as  though 
there  were  only  one  kind  of  lever.  Levers,  however,  fall 
into  three  different  classes.  In  the  ob-  There  are  three 
servations  made  so  far  the  fulcrum  has  lyPes  of  levers 
been  between  the  weight  and  the  force.  Look  at  Fig.  177,  A. 
This  is  a  lever  of  the  first  class  and  is  probably  the  one  with 
which  you  are  most  familiar.  It  is  the  one  used  by  the 
men  in  moving  their  stone. 

What  is  a  lever  of  the  second  class?  You  may  place 
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one  end  of  a  bar  under  some  heavy  object,  such  as  a  stone, 
and  raise  the  stone  as  shown  in  Fig.  177,  B.  In  this  case  the 
fulcrum  is  at  one  end  of  the  bar,  and  the  weight  (resistance) 
is  between  the  fulcrum  and  the  effort.  This  is  a  lever  of  the 
second  class.  The  mechanical  advantage  is  figured  in  the 
same  manner  as  the  mechanical  advantage  of  a  lever  of 
the  first  class.  With  a  lever  of  the  second  class  the  effort 
arm  is  the  length  of  the  lever  bar.  The  resistance  arm  is  the 
distance  from  the  end  of  the  bar  (the  fulcrum)  to  the  posi¬ 
tion  on  the  bar  at  which  the  force  is  applied  to  the  weight. 
In  Fig.  177,  B,  the  bar  is  5  feet,  or  60  inches,  long.  The 
weight  to  be  raised  (resistance)  is  14  inches  from  the  end  of 
the  lever.  The  mechanical  advantage  is  15.  With  this  lever 
an  effort  of  4  pounds  will  raise  a  load  of  60  pounds.  A  lever 
of  the  second  class  is  useful  when  the  load  is  to  be  moved 
through  a  very  short  distance. 

There  is  also  a  third-class  lever.  In  this  the  force  is  be¬ 
tween  the  fulcrum  and  the  weight.  The  bones  of  the  fore¬ 
arm  are  a  good  illustration  of  a  third- 
class  lever.  The  fulcrum  is  at  the  elbow 
joint;  the  hand  is  the  weight,  or  resist¬ 
ance.  The  effort  is  applied  through  the 
muscle  which  is  attached  to  the  forearm  and  to  the  shoulder. 
The  effort  is  applied  between  the  joint  (the  fulcrum)  and 
the  hand  (resistance).  Study  Fig.  177,  D.  In  this  case  the 
effort  arm  is  the  very  short  distance  between  the  elbow 
joint  (see  a  in  Fig.  177,  D)  and  the  position  at  which  the 
muscle  is  attached  to  the  forearm.  The  resistance  arm  is 
the  distance  between  the  joint  and  the  hand  (see  b  in 
Fig.  177,  D ).  The  effort  arm  may  be  1  inch,  and  the  resist¬ 
ance  arm  may  be  20  inches.  In  this  case  an  effort  of  20 
pounds  applied  by  shortening  the  large  muscle  of  the  arm 
would  raise  a  weight  of  but  1  pound.  The  mechanical  ad¬ 
vantage  is  2V  The  muscle  in  the  arm  is  shortened  about 
2  inches  in  bending  the  arm  from  a  straight  position  until 
the  hand  is  near  the  shoulder.  The  position  on  the  bone 
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at  which  the  muscle  is  attached  to  the  forearm  moves 
through  a  distance  of  about  2  inches  while  the  hand  moves 
through  a  distance  of  about  40  inches.  Can  you  "muscle” 
a  10-pound  weight  ?  As  you  do  this,  an  effort  of  200  pounds 
is  exerted  by  the  muscle. 

A  shovel  is  another  example  of  a  third-class  lever 
(Fig.  177,  C).  The  distance  through  which  the  weight  (re¬ 
sistance)  on  the  shovel  is  moved  is  greater  than  the  dis¬ 
tance  through  which  the  effort  moves. 

With  levers  of  the  first  class  and  second  class  as  they  are 
commonly  used  the  mechanical  advantage  is  more  than  1 
and  may  be  very  much  more  than  1.  With  these  levers  a 
heavy  weight  may  be  moved  by  applying  a  small  force. 
The  force  moves  through  a  large  distance  while  the  weight 
moves  through  a  short  distance.  The  mechanical  advan¬ 
tage  of  a  lever  of  the  third  class  is  less  than  1.  With  a 
lever  of  the  third  class  a  weight  may  be  moved  through  a 
great  distance,  but  a  strong  force  must  be  applied  to  move 
it.  In  each  case,  however,  the  principle  of  work  is  the 
same.  The  product  of  the  force  times  the  distance  through 
which  it  moves  is  the  same  as  the  product  of  the  weight 
times  the  distance  through  which  it  moves. 

There  are  many  common  applications  of  levers  and 
pulleys.  These  simple  machines  and  some  others  are  parts 
of  the  complex  machines  which  are  seen  in  factories  and 
locomotives. 

Earlier  in  this  chapter  we  spoke  of  certain  simple  ma¬ 
chines  other  than  levers  and  pulleys.  Let  us  look  at  some 
of  them. 

What  is  the  mechanical  advantage  of  an  inclined  plane  ? 
We  may  consider  again  the  task  of  raising  a  heavy  stone 
The  inclined  plane  block  into  a  truck  and  think  of  another 
is  a  simple  machine  way  to  do  it.  This  time  we  may  push  it 
up  an  inclined  plane,  as  shown  in  Fig.  178.  Some  strong 
planks  may  be  used  for  the  plane.  Suppose  it  is  2  feet 
from  the  ground  to  the  floor  of  the  truck  and  that  the 
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Fig.  178.  The  Inclined  Plane  is  a  Simple  Machine 


How  does  its  mechanical  advantage  compare  with  that  of  other  simple  machines  ? 


planks  are  10  feet  long.  The  stone  is  raised  with  a  lever, 
and  rollers  are  placed  under  it.  If  there  were  no  friction, 
an  effort  of  120  pounds  would  be  sufficient  to  push  a  stone 
block  weighing  600  pounds  up  an  inclined  plane  10  feet 
long  and  2  feet  high.  There  is  friction  in  this  type  of 
machine,  but  the  rollers  reduce  it  so  that  only  a  little  more 
effort  than  this  will  be  required.  Two  men  may  do  the 
job  easily.  The  mechanical  advantage  of  this  inclined 
plane  is  5,  for  an  effort  of  120  pounds  will  raise  a  weight 
of  600  pounds. 

The  mechanical  advantage  of  an  inclined  plane,  then, 
may  be  figured  from  measurement  of  the  plane.  It  is  equal 
to  the  length  of  the  plane  divided  by  the  height.  If  the 
plane  used  to  load  the  truck  were  shorter,  it  would  neces¬ 
sarily  be  steeper.  In  such  a  case  the  mechanical  advantage 
would  be  less.  A  greater  force  would  be  required  to  push 
the  stone  up  the  plane  and  onto  the  truck.  Set  up  some 
problems  for  yourself  to  illustrate  this. 

What  is  the  mechanical  advantage  of  a  set  of  gears  ?  The 
mechanical  advantage  of  a  set  of  gears  is  greater  than  1  if 
the  wheel  to  which  the  force  is  applied  is  *  f 
smaller  than  the  wheel  into  which  it  fits,  wheels  is  a  simple 
Let  us  illustrate.  In  one  set  of  gear  wheels  machine 
in  Fig.  179  the  smaller  wheel  has  eight  teeth  and  the  larger 
one  has  twenty-four  teeth.  The  small  wheel  therefore  turns 
three  times  while  the  large  wheel  turns  once.  The  mechani- 
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cal  advantage  of  this  set  of  gears  obviously  is  3.  If  there 
were  no  friction,  an  effort  of  1  pound  applied  to  the  small 
wheel  would  be  passed  on  as  a  force  of  3  pounds  by  the 
large  wheel.  If  there  were  twelve  teeth  on  the  small  wheel 
and  twenty-four  teeth  on  the  large  one,  as  shown  in  the 
other  set  illustrated  in  Fig.  179,  the  small  wheel  would  turn 

twice  while  the  large  one 
turns  once.  An  effort  of  1 
pound  applied  to  the  small 
wheel  would  be  passed  on, 
if  there  were  no  friction,  as 
a  force  of  2  pounds  from 
the  large  wheel.  The  me¬ 
chanical  advantage  of  this 
set  is  2.  If  the  two  wheels 
had  the  same  number  of 
teeth,  they  would  both 
turn  with  the  same  speed. 
A  force  of  1  pound  applied 
to  one  gear  wheel  would 
be  passed  on,  if  there  were 
no  friction,  as  a  force  of  1 
pound.  The  mechanical 
advantage  in  this  case 
would  be  1. 

Machines  are  instru¬ 
ments  for  using  energy.  Forces  are  applied  as  efforts, 
and  resistances  are  overcome.  Compound  machines  are 
combinations  of  simple  machines.  Steam  engines,  gaso¬ 
line  engines,  manufacturing  machinery,  and  all  other  com¬ 
pound  machines  are  merely  combinations  of  levers,  pulleys, 
cogwheels,  and  other  simple  devices.  In  all  of  them  forces 
are  applied,  work  is  done,  and  the  rate  at  which  work  is 
done  (that  is,  power)  may  be  measured.  Forces  with  their 
origins  in  the  sun’s  rays  flow  through  the  machines  and  do 
the  work  of  the  world. 


Fig.  179.  A  Set  of  Gear  Wheels  is  a 
Simple  Machine 

How  is  the  mechanical  advantage 
determined  ? 


Force,  Work,  and  Power 


337 


Standards  may  be  set  up  by  which  work  and  power  may 
be  exactly  defined.  Simple  machines,  such  as  the  lever,  pul¬ 
ley,  plane,  and  gear,  are  useful  because  of  their  mechanical 
advantage. 


Can  You  Ansiver  these  Questions? 

1 .  What  is  the  scientific  definition  of  work  ?  What  is  a  foot¬ 
pound  ? 

2.  What  is  the  scientific  definition  of  power  1  What  is  a 
horsepower  ? 

3.  How  can  you  find  the  mechanical  advantage  of  a  machine  ? 

4.  Why  is  climbing  a  flight  of  stairs  work?  Does  a  heavier 
person  do  more  work  than  a  lighter  person  ? 

5.  What  relationships  are  there  between  the  unit  of  work  and 
the  unit  of  power  ? 

6.  What  are  the  chief  differences  between  levers  of  the  first, 
the  second,  and  the  third  class?  What  relationship  is  there  be¬ 
tween  these  differences  and  the  relative  efficiency  of  the  three 
types  ? 

7.  What  is  meant  by  the  mechanical  advantage  of  a  simple 
machine  ? 

8.  Is  a  pulley  as  efficient  a  simple  machine  as  a  lever  of  the 
first  class  ?  Prove  your  answer. 

9.  What  is  the  relation  between  friction  and  the  efficiency 
of  a  machine  ? 

10.  How  may  the  efficiency  of  an  inclined  plane  be  determined  ? 

11.  What  determines  the  efficiency  of  a  set  of  gears? 

12.  How  many  of  the  principles  of  the  lever  can  you  name  and 
demonstrate  ?  of  the  pulley  ? 

Questions  for  Discussion 

1.  Why  does  it  hurt  worse  when  you  catch  your  finger  in  the 
hinge  of  a  door  than  when  you  catch  it  in  the  space  by  the  latch  ? 

2.  May  a  fat  person  get  tired  "  just  carrying  around  his  own 
weight”  ? 
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3.  Does  one  do  more  or  less  work  in  pushing  a  five-pound  box 
along  the  floor  than  in  raising  it  from  the  floor  ?  Can  you  defend 
your  answer? 

4.  Why  does  the  horsepower  at  which  you  are  working  in¬ 
crease  as  you  run  faster  and  faster  up  a  flight  of  stairs  ? 

5.  What  are  some  of  the  difficulties  in  reducing  friction  in 
machinery  ?  Could  there  be  a  frictionless  machine  ? 

6.  Are  all  automobile  jacks  based  upon  the  principle  of  the 
lever  ? 

7.  Can  you  think  of  any  evidence  to  support  the  theory  that 
some  types  of  simple  machines  were  used  before  other  types  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  an  exhibit  of  models  illustrating  some  of  the  simple 
machines  described  in  this  chapter.  Label  them  accurately,  and 
prepare  descriptions  of  each  so  that  a  person  unfamiliar  with 
their  principles  may  understand  them.  If  you  cannot  make  the 
models,  a  number  of  illustrated  charts  would  help. 

2.  Prepare  a  chart  like  the  one  that  follows,  and  complete  it. 


Common  Mechanisms 
used  in  the  Home 

Common  Mechanisms 
used  in  Industry 

Levers  of  the  first  class  . 

Levers  of  the  second  class 

Levers  of  the  third  class  . 

Pulley  . 

Inclined  plane . 

Gears . 

3.  Read  again  the  principles  of  the  lever  and  pulley  and  see 
if  by  a  number  of  problems  in  mathematics  you  can  demonstrate 
their  application. 

4.  Find  a  picture  of  some  machine  such  as  an  automobile,  a 
locomotive,  or  an  airplane,  and  see  how  many  types  of  simple 
machines  play  a  part  in  its  operation. 

5.  Describe  the  lever  that  you  might  use  to  raise  a  load  of 
1000  pounds. 


Chapter  XVII  •  What  are  Some  of  the 
Characteristics  of  Energy? 

In  this  unit  you  have  so  far  considered  some  questions 
of  force  and  work.  In  this  chapter  we  introduce  another 
factor,  that  of  energy.  What  is  energy?  To  answer  this 
question  let  us  review  some  of  the  things  we  have  found 
out  about  force  and  work. 

We  have  said  that  force  is  a  push  or  a  pull.  The  one 
force  on  the  earth  which  serves  as  a  standard  of  measure¬ 
ment  for  all  other  forces  is  that  of  gravity.  The  measure 
of  force,  then,  is  really  the  pull  required  to  move  an  object 
in  a  direction  away  from  the  center  of  the  earth.  How  about 
work?  You  will  recall  that  work  is  done  when  a  force  is 
moved  through  some  distance. 

But  what  is  energy?  There  are  evidences  of  energy  ail 
about  us.  There  is  energy  in  the  wind,  in  flowing  water,  — 
in  fact,  in  everything  that  moves.  There  Evidences  of 
is  energy  in  food  and  fuels.  It  is  released  energy  are  all 
as  foods  are  oxidized  (combined  with  about  us 
oxygen)  in  living  cells  and  as  fuels  are  oxidized,  as  in 
burning.  Thus  you  may  recognize  energy  in  moving  ob¬ 
jects,  in  chemical  changes,  in  sound  waves,  and  in  heat, 
light,  radio  waves,  and  X  rays. 

To  define  energy  is  a  more  difficult  problem.  Like 
gravity,  energy  cannot  be  defined  in  simple  language.  Per¬ 
haps  the  best  way  of  defining  energy  would  be  to  say  that 
a  thing  has  energy  if  it  can  do  work,  that  is,  if  it  can  exert 
a  force  through  a  distance. 

There  is  thus  an  obvious  relation  between  energy  and 
work.  The  same  unit,  the  foot-pound,  is  used  in  the  meas¬ 
urement  of  work  and  energy.  How  much  energy  is  there 
in  a  pound  of  coal?  The  answer  to  this  question  may  be 
made  in  terms  of  the  amount  of  work  it  will  do. 
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A.  What  is  Kinetic  Energy,  and  What  is  Potential  Energy? 


The  energy  of  falling  water  and  the  energy  of  coal  seem 
quite  unlike,  yet  they  are  the  same  in  that  both  can 
do  work.  Falling  water  has  energy  because  it  is  in  motion. 
It  may  fall  upon  and  turn  a  water  wheel.  The  wheel 
itself  may  be  attached  to  the  shaft  of  a  dynamo.  In  this 
case  the  energy  of  falling  water  would  be  changed  into 
electrical  energy.  The  flowing  water  is  energy  of  motion. 

Such  energy  is  called 
kinetic  energy.  The 
word  kinetic  is  derived 
from  a  Greek  word 
meaning  "to  move.” 
Every  moving  object, 
be  it  a  molecule,  a 
bullet,  or  a  train  of 
cars,  has  kinetic  en¬ 
ergy  (see  Fig.  180). 

The  energy  of  coal 
is  not  in  evidence  ex¬ 
cept  as  the  coal  burns. 
As  the  burning  goes 
on,  energy  is  released 
from  the  coal.  You 
may  think  of  it  as 
having  been  stored  in 
the  coal.  Such  stored 
energy  is  called  po¬ 
tential  energy.  The 
Fic.  180.  Every  Moving  Object  has  Kinetic  Word  ‘potential  is  de- 
Energy  rived  from  a  Latin 

word  which  means 
"having  power.”  Notice  that,  as  the  stored,  or  potential, 
energy  is  released,  it  becomes  kinetic.  This  is  important, 
and  we  shall  say  more  about  it  in  just  a  moment. 
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Fig.  181.  There  is  Potential  Energy  in  the  raised  Pile  Driver,  the  Wound 
Clock  Spring,  the  Stick  of  Dynamite,  and  the  Foods 

There  are  many  common  illustrations  of  potential 
energy.  A  weight  that  has  been  raised  has  potential  energy 
because  of  its  position.  When  released,  it  falls  and  strikes 
with  a  force.  There  is  potential  energy  in  a  clock  spring 
after  it  has  been  wound.  This  energy  is  slowly  released  to 
turn  the  hands  of  a  clock.  There  is  potential  energy  in 
gunpowder,  which  is  released  when  the  powder  explodes. 
The  energy  of  foods  is  potential,  being  released  as  the  food 
is  oxidized  in  the  cells  of  the  body.  (See  Fig.  181.)  Since 
energy  plays  such  an  important  part  in  everyday  life,  it  is  of 
course  essential  that  it  be  measured.  Can  this  be  done 
with  the  accuracy  that  force  or  work  can  be  measured? 

Let  us  take  an  illustration  showing  both  types  of  energy. 
Through  this  illustration  we  can  not  only  trace  the  rela¬ 
tionships  between  energy  and  work  but  can  also  show  how 
energy  may  be  measured. 
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Consider  a  gun  shell  loaded  with  powder  and  carrying  a 
projectile  weighing  exactly  1  pound.  The  energy  of  the 
powder  in  the  shell  is  potential,  but  is  changed  to  kinetic 
when  the  gun  is  fired.  And  now  suppose  that  the  gun  is 
fired  straight  upward,  that  is,  in  a  direction  opposite  to 
the  force  of  gravity.  Suppose,  too,  that  the  energy  of  the 
exploding  gunpowder  is  sufficient  to  give  the  projectile  such 
a  push  that  it  leaves  the  gun  with  a  velocity  of  3200  feet 
per  second.  From  your  study  of  acceleration  you  know 
that  the  force  of  the  earth's  attraction  for  the  projectile 
slows  its  speed  32  feet  per  second  each  second  as  it  rises. 
If  there  were  no  air  resistance,  the  projectile  would  con¬ 
tinue  to  rise  for  a  hundred  seconds  and  in  this  time  would 
rise  to  an  elevation  of  160,000  feet.  Since  the  projectile 
weighs  1  pound,  the  work  done  in  raising  it  to  this  height 
is  160,000  foot-pounds.  Do  you  see  why? 

But  what  happens  as  the  projectile  moves  upward?  It 
loses  kinetic  energy,  for  it  loses  speed  as  it  moves  higher 
Potential  energy  and  higher.  It  gains  potential  energy,  for 
may  become  ki-  the  higher  it  goes  the  harder  it  will  strike 
kinetic^nergy  may  (or  push)  against  the  earth  when  it  falls, 
become  potential  At  an  elevation  of  160,000  feet  it  has  lost 
its  kinetic  energy.  All  this  (except  what  has  been  used 
to  overcome  air  resistance)  has  been  changed  to  potential 
energy. 

Now  the  projectile  has  reached  the  top  of  its  path.  On 
account  of  the  earth's  attraction  for  it  the  projectile  im¬ 
mediately  starts  to  fall.  It  now  gains  speed  at  the  rate  of 
32  feet  per  second  each  second  as  it  falls.  Therefore  the 
kinetic  energy  increases  as  it  falls.  If  there  were  no  air 
resistance,  the  projectile  would  strike  the  ground  moving 
with  the  same  velocity  as  when  it  left  the  gun  barrel.  It 
has  its  greatest  potential  energy  (160,000  foot-pounds) 
when  it  is  at  its  highest  position.  As  it  falls,  it  increases 
in  speed,  regaining  kinetic  energy  as  it  loses  potential.  It 
loses  1  foot-pound  of  potential  energy  and  gains  1  foot- 


343 


Some  Characteristics  of  Energy 

pound  of  kinetic  energy  for  each  foot  it  moves  closer  to 
the  earth.  When  the  projectile  finally  strikes  the  earth, 
it  has  once  more  the  greatest  amount  of  kinetic  energy. 
Perhaps  Fig.  182  will  help  to  make  this  clearer  for  you. 

Do  we  now  have  any 
measure  of  energy  ?  Con¬ 
sider  the  powder  in  the 
shell.  There  were  160,000 
foot-pounds  of  energy  in 
the  powder  in  the  cart¬ 
ridge,  for  it  was  sufficient 
to  do  160,000  foot-pounds 
of  work.  In  the  obser¬ 
vations,  then,  you  see  a 
cycle  of  change.  Energy 
is  changed  from  potential 
to  kinetic  as  the  powder 
explodes ;  from  kinetic  to 
potential  as  the  projectile 
rises;  from  potential  to 
kinetic  as  it  falls.  Study 
Fig.  182  again. 

Perhaps  you  would  like 
to  know  what  happens  to 
this  kinetic  energy  when 
the  projectile  strikes  the 
ground.  The  energy  of 
a  falling  object  is  not  de¬ 
stroyed.  On  the  contrary 
in  your  further  study 
you  will  learn  that  most  of  the  kinetic  energy  of  a  falling 
body  is  changed  into  heat  when  the  body  strikes  the  ground. 

In  explaining  the  cycle  of  change  which  occurs  as  a 
projectile  rises  and  falls  we  have,  as  you  notice,  assumed 
that  there  is  no  friction  involved.  As  a  matter  of  fact,  one 
finds  that  in  the  measurement  of  energy,  as  in  the  measure- 


Fig.  182.  Potential  Energy  may  become 
Kinetic  Energy,  and  Kinetic  Energy 
may  become  Potential 

Can  you  trace  these  changes  in  the  firing 
of  a  gun? 
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ment  of  work,  recognition  must  be  made  of  the  effects  of 
friction.  Energy  is  really  used  to  work  against  friction  as 
well  as  against  gravity.  Thus  in  the  construction  of 
machinery  every  effort  must  be  made  to  reduce  the  friction 
between  moving  parts  and  to  reduce  friction  with  air.  In 
an  automobile,  for  example,  the  less  the  friction  between 
moving  parts  of  the  machinery  and  the  less  the  friction 
between  the  automobile  and  the  air  the  greater  the  dis¬ 
tance  the  automobile  may  be  driven  by  the  energy  of  a 
gallon  of  gasoline. 

This  introduces  a  very  interesting  question,  and  one 
which  man  for  many  years  has  tried  to  solve  in  a  practical 
way.  Can  friction  be  reduced  to  zero? 
u^d  to  overcome  Can  there  be  a  frictionless  machine?  If 
friction CtS  °f  y°u  consider  what  you  have  learned 
of  the  effect  of  friction  on  motion,  you  will 
see  that  a  frictionless  machine  would  be  a  machine  with 
perpetual  motion,  that  is,  one  which  would  keep  on  going 
indefinitely. 

Can  a  perpetual-motion  machine  be  built?  The  United 
States  Patent  Office  refuses  to  consider  such  machines  un¬ 
less  a  working  model  is  submitted.  Why  is  this  required  ? 
Fig.  183,  A,  is  one  of  the  many  designs  that  have  been 
offered  by  enthusiastic  workers.  The  wheel,  according  to 
the  man  who  built  the  machine,  would  be  made  to  turn 
in  the  direction  indicated  by  the  arrow  through  the  action 
of  the  balls  rolling  to  the  outside  and  thus  exerting  greater 
leverage  upon  the  wheel.  What  is  wrong  with  this  idea? 
Why  would  such  a  machine  not  work?  Study  the  illus¬ 
tration.  Obviously  for  every  ball  that  rolls  from  the  center 
outward  to  the  rim  of  the  wheel  another  ball  must  roll 
from  the  rim  inward.  Consequently  the  balls  contribute 
nothing  to  keeping  the  wheel  turning.  In  fact,  they  in¬ 
crease  the  friction  within  the  system.  The  wheel  would 
really  run  longer  without  the  balls. 

Fig.  183,  B,  shows  another  design  for  a  perpetual-motion 
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Fig.  183.  Scientists  believe  that  there  can  be  No  Such  Thing  as  a  Perpetual- 
Motion  Machine 

The  ones  shown  are  but  two  of  the  many  machines  which  have  been  tried.  By 
further  reading  extend  your  study  of  perpetual-motion  machines.  Make  draw¬ 
ings  of  other  schemes  that  have  been  tried 


machine.  This  one  is  supposed  to  work  on  a  similar  prin¬ 
ciple  to  that  shown  in  A.  What  is  wrong  with  this  idea? 
And  so  with  every  so-called  perpetual-motion  machine. 
Friction  cannot  be  done  away  with  completely. 

There  is  a  principle  of  physics  which  says  that  energy 
can  be  neither  created  nor  destroyed.  Within  every  mov¬ 
ing  object  there  is  some  friction.  There-  r  . , 

fore  energy  must  be  furnished  to  a  ma-  created  or  de- 
chine  to  keep  it  going.  Scientific  men  stroyed 
decided  many  years  ago  that  there  can  be  no  such  thing  as 
a  perpetual-motion  machine,  for  energy  cannot  be  created 
by  machinery. 


B.  What  is  the  Origin  of  Energy? 

If  you  were  to  answer  this  question  on  the  basis  of  your 
previous  science  work,  you  would  probably  say,  "Energy 
comes  from  the  sun.”  Perhaps  now  you  would  like  some 
proof  of  this.  That  the  sun’s  rays  (solar  radiation)  are  a 
form  of  energy  may  be  demonstrated  in  a  very  direct  man¬ 
ner  by  means  of  a  radiometer.  Jewelers  frequently  display 
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these  instruments  in  their  show  windows  to  catch  the  eye 
of  those  who  pass  by.  This  little  instrument  consists  of  a 
part  that  looks  somewhat  like  a  paddle  wheel  mounted 
inside  a  sealed  glass  container  from  which  most  of  the  air 
has  been  removed  (Fig.  184).  One  surface  of  each  blade 

is  coated  jet  black;  the  other 
surface  is  bright.  When  the  ra¬ 
diometer  is  placed  in  sunshine, 
the  wheel  within  it  begins  to 
turn.  A  natural  conclusion  is 
that  the  rays  of  the  sun  possess 
energy.  Can  this  be  explained? 

A  black  surface  does  not  re¬ 
flect  the  sun's  rays;  a  bright 
surface  does.  On  the  black  sur¬ 
face,  energy  from  the  sun  is 
turned  into  heat.  Heat,  you  may 
remember,  is  the  energy  of  mov¬ 
ing  molecules.  The  molecules 
composing  the  matter  of  the 
blackened  surface  take  on  more 
energy  than  those  of  the  bright¬ 
ened  surface.  There  is  some  air 
in  the  radiometer;  and  as  the 
molecules  of  the  gases  of  the  air 
collide  with  the  blackened  sur¬ 
face  they  are  heated;  that  is, 
they  gain  in  energy.  Molecules 
of  the  gases  are  therefore  bom¬ 
barding  the  blackened  "surface  with  more  force  than  mole¬ 
cules  are  bombarding  the  bright  surface.  Consequently 
There  is  energy  in  the  shaft  turns  round  and  round.  Notice 
the  rays  of  the  sun  that  it  always  turns  as  it  would  if  the 
pushing  force  were  against  the  black  surface.  When  it  is 
removed  from  the  influence  of  the  direct  rays,  it  stops  turn¬ 
ing.  Does  this  explain  what  you  see  in  a  radiometer  ? 


Fig.  184.  Energy  comes  from 
the  Sun 

How  does  this  fact  help  to  ex¬ 
plain  the  action  of  a  radiom¬ 
eter? 
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Fig.  185.  Solar  Engines  have  been  built  so  that  the  Energy  of  the  Sun  is 
used  to  run  Machinery 

This  picture  shows  a  large  area  of  mirrors  set  so  as  to  focus  the  sun’s  rays  on 
pipes  carrying  water 


The  amount  of  energy  from  the  sun  that  falls  upon  the 
tiny  blades  of  the  radiometer  is  of  course  small ;  but  the 
total  amount  of  energy  from  the  sun  is  enormous,  and  di¬ 
rectly  or  indirectly  it  serves  nearly  all  the  needs  of  man. 

There  are  many  evidences  that  solar  radiation  produces 
heat.  You  avoid  the  bright  sunshine  in  summer  to  keep 
cool,  and  you  seek  the  bright  sunshine  in  winter  to  keep 
warm.  You  have  probably  demonstrated  wdth  a  lens  that 
rays  of  the  sun  do  produce  heat.  They  may  be  focused 
to  a  point  by  means  of  the  lens  in  a  reading  glass.  The 
heat  produced  at  The  point  may  be  sufficient  to  set  fire 
to  paper. 

Solar  engines  have  been  built  through  which  the  energy 
from  the  sun  is  used  to  run  machinery.  Sun's  rays  cover¬ 
ing  a  large  area  are  focused  by  means  of  mirrors  upon  the 
boiler  of  a  small  engine.  Fig.  185  is  a  photograph  of  the 
mirrors  set  to  collect  the  sun's  rays  for  an  engine  that  was 
used  for  a  time  in  the  Sahara  Desert. 
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Fig.  186.  The  Solar  Cooker  designed  by  Dr.  C.  G.  Abbot  of  the  Smithsonian 
Institution  uses  the  Energy  of  the  Sun  for  Heat 

Do  you  see  how  it  works?  The  cooker  is  at  the  top  of  the  steps. 

Look  at  Fig.  187 


By  the  use  of  this  engine  the  rays  of  the  sun  were 
focused  on  pipes  carrying  water.  The  radiant  energy, 
Solar  radiation  changed  to  heat,  was  sufficient  to  produce 
produces  heat  steam  and  run  an  engine  used  to  pump 
water  for  irrigation.  Some  other  engines  have  been  made, 
but  they  have  not  been  successful.  They  are  not  good 
enough  to  be  used  in  competition  with  engines  that  derive 
energy  from  coal. 

Another  illustration  of  energy  from  solar  radiation  is 
found  in  the  solar  cooker.  The  one  in  the  picture  (Fig.  186) 
was  made  by  Dr.  C.  G.  Abbot,  director  of  the  Smithsonian 
Institution.  By  using  a  mirror  in  the  shape  of  a  cylinder 
he  focused  90  square  feet  of  sun's  rays  upon  a  tube  1 J  inches 
in  diameter.  The  tube  was  connected  to  a  tank  that  was 
filled  with  heavy  engine  oil.  The  sun's  rays  heated  the  oil 
in  the  tube,  and  it  circulated  in  such  a  way  as  to  heat  all 
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■T wo  insulated  ovens 


Two  glass  tubes 
'concentric  with  blackened 
copper  tube 
(lj'  diameter) 


the  oil  in  the  reservoir.  Fig.  187  shows  this.  An  oven  was 
so  constructed  that  oil  circulated  by  convection  through 
pipes  surrounding  it.  It  was  carefully  insulated  and  re¬ 
mained  hot  enough  through  the  night  to  be  used  for  baking. 

From  these  and 
other  similar  attempts 
we  can  come  to  the 
conclusion  that  there 
is  really  an  enormous 
amount  of  energy  in 
solar  radiation.  If  all 
the  energy  from  a 
beam  of  1  square  yard 
could  be  changed  with¬ 
out  loss  into  mechan¬ 
ical  work,  it  would 
do  work  at  the  rate 
of  more  than  a  horse¬ 
power.  In  other  words, 
there  is  enough  poten¬ 
tial  energy  in  a  beam 
that  covers  1  square 
yard  to  raise  550 
pounds  one  foot  in  a 
second  and  to  keep  up 
work  at  this  rate  as 
long  as  the  sun  shines. 

The  disappointing 
feature  in  all  these 
efforts  to  use  solar 
radiation  is  the  fact  that  the  energy  cannot  be  changed  to 
another  form  without  great  loss.  In  fact,  no  inventor  so 
far  has  been  able  to  use  more  than  3  per  cent  of  the  total. 
Instead  of  1  horsepower  from  the  sun's  rays  on  a  square 
yard  the  rays  on  about  30  square  yards  are  needed  in  order 
to  develop  this  much  power. 


Reflector  isl 
count  erpoisi 
to  turn  easily 


turns  reflector  vv,//^1-,- 
to  face  sun 

Fig.  187.  The  Oil  in  the  Tube  of  the  Solar 
Cooker,  after  the  Sun  has  heated  it,  cir¬ 
culates  and  heats  the  Ovens 

The  oil  circulates  by  convection 
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It  is  reasonable  to  suppose  that  men  will  sometime  use 
energy  from  the  sun  to  do  work.  Certainly  there  is  an 

enormous  amount  coming  to  us.  Each 

In  the  future  solar  .  ,  ,,  ,  . 

radiation  may  be  a  square  mile  receives  energy  at  the  rate  of 

direct  source  of  more  than  3,000,000  horsepower  while 

energy  for  industry 

it  is  exposed  to  the  sun.  In  the  United 
States  we  are  using  energy  in  industry  at  the  average  rate 
of  about  40,000,000  horsepower.  Suppose  that  the  average 
time  of  sunshine  is  three  hours  per  day  through  the  year. 
The  total  solar  energy  on  about  110  square  miles  would  be 
sufficient  to  supply  our  present  industrial  needs  if  it  could 
be  changed  into  usable  form  without  loss.  But  unfortu¬ 
nately  it  cannot  be.  It  is  quite  possible  to  believe  that  our 
engineers  may  build  great  systems  of  mirrors  for  taking 
from  the  total  energy  of  solar  radiation  a  sufficient  amount 
for  all  our  needs.  Such  an  enormous  engineering  scheme 
need  not  be  launched  immediately.  We  have  an  abundance 
of  coal  and  oil.  But  some  day,  when  our  stocks  of  stored 
energy  are  exhausted,  the  problem  may  have  to  be  faced. 

In  all  these  observations  we  should  remember  that  the 
sun's  rays  are  not  heat.  They  are  a  form  of  energy  (ca¬ 
pacity  to  do  work)  that  is  readily  changed  to  heat.  These 
rays  pass  through  the  space  between  the  earth  and  the  sun. 
Yet  the  temperature  of  outer  space  is  certainly  very  much 
colder  than  it  is  anywhere  on  the  surface  of  the  earth. 
How  may  this  be  explained  ?  Heat  is  a  property  of  matter  ; 
and  since  there  is  almost  no  matter  in  the  space  between  the 
planets,  there  is  almost  no  heat.  The  energy  of  the  sun's  rays 
is  converted  into  heat  only  when  the  rays  fall  upon  matter. 

Let  us  once  more  look  at  the  sun,  the  source  of  the  earth's 
energy.  The  sun  is  an  immense  mass  of  hot  matter.  The 
,,  „  .  temperature  at  the  surface  is  about 

to  the  production  6000°  C.  For  comparison,  the  tempera- 
of  heat  ture  of  molten  iron  is  about  1200°  C.  Rays 

from  the  sun  pass  out  into  cold  space  in  all  directions  from 
the  sun's  surface.  Some  strike  the  moon,  and  heat  and 
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Fig.  188.  Although  the  Earth  receives  only  an  Extremely  Small  Fraction  of 
the  Total  Amount  of  Radiation  from  the  Sun,  Enough  is  received  to  serve 
All  our  Purposes 


light  its  surface.  Some  rays  strike  the  planets;  we  see 
the  planets  by  the  light  that  is  reflected  from  their  surface. 
Some  strike  our  own  earth,  to  furnish  heat  and  light.  Re¬ 
member,  however,  that  if  viewed  from  the  sun  the  earth 
would  be  seen  as  a  tiny  object,  much  less  easy  to  see  than 
the  planet  Venus  as  we  see  it  from  the  earth.  Thus  the 
earth  receives  only  a  small  fraction  of  the  total  amount  of 
radiation.  Yet  it  is  enough  to  serve  all  our  purposes.  Some 
idea  of  this  may  be  gained  from  Fig.  188. 
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So  you  may  decide  that  the  sun  is  indeed  an  enormous 
source  of  energy.  Yet  it  is  not  the  only  source  of  energy 
in  the  universe.  All  the  bright  stars  are 
like  the  sun  in  that  they  too  are  radiating 
of  energy  energy  into  space.  The  temperature  on 

the  surface  of  some  stars  is  greater  than  the  temperature 
on  the  surface  of  the  sun ;  the  temperature  of  other  stars 
is  less  than  that  of  the  sun.  This  radiation,  however,  has 
little  effect  upon  the  earth,  for  the  distance  from  the  earth 
to  the  nearest  star  is  about  two  hundred  and  fifty  thousand 
times  the  distance  from  the  earth  to  the  sun.  Others  are 
much  farther  away.  Nevertheless  it  is  interesting  to  know 
that  vast  space  is  penetrated  throughout  with  radiations 
coming  from  huge  bodies  which  appear  to  us  at  night  as 
mere  points  of  light.  The  amount  of  energy  radiated  into 
space  from  the  sun  and  all  the  stars,  when  measured  in  the 
units  in  common  use  (foot-pounds),  is  so  large  that  it 
seems  beyond  our  understanding. 

A  further  consideration  of  these  facts  raises  some  very 
interesting  questions.  There  is  evidence  to  show  that 
energy  is  not  destroyed  on  earth,  although  it  may  be 
changed  from  one  form  to  another.  Is  this  also  true 
throughout  distant  space?  If  so,  what  becomes  of  the 
radiant  energy  streaming  through  this  space?  There  is 
at  the  present  time  no  answer  to  this  question,  for  no  one 
definitely  knows. 

Now  let  us  return  to  a  consideration  of  what  happens  to 
this  solar  radiation  when  it  strikes  the  earth.  As  you  know, 
it  is  changed  into  other  forms,  its  most  obvious  form  being 
heat. 

Let  us  trace  the  energy  cycle  in  the  case  of  water. 
Notice  the  manner  in  which  water  is  changed  as  it  moves 
in  the  cycle.  These  changes  in  the  water  are  evidences  of 
energy  changes.  Solar  radiation  causes  evaporation.  En¬ 
ergy  is  transferred  from  the  rays  to  the  molecules  of  water. 
As  the  molecules  move  faster,  the  water  becomes  warmer. 
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Molecules  continually  pass  into  the  air  by  the  process  of 
evaporation.  The  faster  they  move,  that  is,  the  more 
energy  they  possess,  the  more  rapidly  they  pass  into  the 
air.  In  the  air  the  water  molecules  may  lose  some  of 
their  energy,  condense,  form  drops,  and  fall  as  rain.  It  is 
easy  to  see  that  the  kinetic  energy  of  the  falling  raindrops 
is  energy  that  came  from  the  sun.  As  the  water  flows  from 
higher  to  lower  levels,  it  may  be  made  to  turn  water  wheels. 
In  this  way  the  energy  from  the  sun  is  changed  into  me¬ 
chanical  energy.  The  mechanical  energy  of  the  wheels  may 
be  used  to  run  a  dynamo,  and  thus  the  energy  from  the 
sun  may  be  changed  into  electrical  energy.  The  electrical 
energy  may  possibly  be  used  to  run  a  motor.  Energy  from 
water  power  is  energy  from  the  sun. 

These  changes  are  not  the  only  ones  which  may  be 
traced  to  the  sun.  Energy  from  the  sun  causes  chemical 
changes  in  the  green  leaves  of  plants.  Molecules  of  carbon 
dioxide  and  water  are  changed  to  molecules  of  sugar  and 
oxygen.  The  sugar  may  be  changed  into  other  forms  of 
food,  or  it  may  be  changed  into  plant  fiber,  such  as  wood. 
In  the  end  the  foods  may  furnish  energy  to  living  cells, 
and  wood  may  be  burned  for  fuel.  The  energy  in  food  and 
in  wood  is  energy  that  came  from  the  rays  of  the  sun.  Coal 
and  oil  have  been  formed  from  plants  and  animals.  They 
furnish  the  basis  of  our  Power  Age.  So  you  see  that  even 
those  substances  which  help  to  make  our  civilization  what 
it  is  really  have  their  origin  in  the  sun. 


C.  What  is  the  Nature  of  Heat  ? 

We  have  already  said  that  heat  is  a  property  of  matter 
and  that  accordingly  there  cannot  be  heat  unless  there  is 
matter.  Let  us  develop  this  idea  a  little  further.  The  mole¬ 
cules  of  all  forms  of  matter  are  in  continuous  motion.  All 
molecules  therefore  have  the  capacity  to  exert  a  force  and 
to  do  work.  The  speed  with  which  the  molecules  move  is 
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N.  Y.  C.R.  R. 

Fig.  189.  In  Laying  Steel  Railroad  Rails  Provision  must  be  made  for 
Expansion 

Do  you  see  the  expansion  gaps  ? 


determined  by  the  amount  of  energy  they  contain.  The 
energy  of  moving  molecules  is  heat.  Radiant  energy  seems 
to  exert  a  push  against  molecules.  This  causes  them  to 
move  faster.  At  the  same  time  the  moving  molecules 
radiate  energy.  If  a  substance  is  hotter  than  the  matter 
that  is  around  it,  the  substance  loses  energy  faster  than  it 
gains  energy.  A  red-hot  poker  held  in  the  sun's  rays  re¬ 
ceives  some  energy  from  the  sun.  But  since  the  poker  is 
much  hotter  than  the  air  about  it,  the  poker  radiates 
energy  faster  than  it  receives  it  and  consequently  gets 
cooler. 

As  a  substance  is  heated,  the  molecules  acquire  energy 
and  move  faster.  Therefore  the  substance  expands.  The 
faster  the  molecules  move  the  more  space 
plained  in  terms  of  1S  required  for  the  movement.  Solids, 
the  molecular  liquids,  and  gases  expand  when  heated. 

In  construction  work,  like  laying  steel 
rails,  building  bridges,  and  laying  paving  blocks,  provision 
must  be  made  for  the  expansion  and  contraction  that  ac¬ 
companies  heating  and  cooling.  Look  at  Figs.  189  and 
190.  You  know,  too,  that  when  a  stoppered  test  tube  is 
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heated  the  stopper  of  the  tube  will  be  driven  out  by  the 
force  of  expansion  of  the  air  within  the  tube. 

Let  us  look  a  little  more  closely  at  these  properties  of 
expansion.  In  this  study  let  us  use  a  gas.  All  gases  show 
a  strikingly  uniform  behavior  when  heated.  This  uniform¬ 
ity  may  be  seen  in  the  fact  that  all  gases  expand  about 
equal  amounts  when 
equally  heated.  If  the 
gases  are  confined, 
as,  for  example,  in 
a  tightly  stoppered 
flask,  the  pressure  of 
the  gases  increases 
in  equal  amounts 
when  the  gases  are 
equally  heated.  The 
increases  in  volume 
and  in  pressure  may  of 
course  be  measured. 

Many  experiments 
with  gases  have  shown 
that  a  liter  of  gas, 
measured  at  a  tem¬ 
perature  of  0°  C., 
when  heated  1°  C.  ex¬ 
pands  2T3  liter  when  the  pressure  on  the  gas  remains  the 
same.  At  the  higher  temperature  the  molecules  have 
more  energy.  Consequently  they  move  The  expansion 
faster  and  crowd  each  other  farther  apart,  and  contraction  of 
If  the  gas  is  confined  in  a  flask  so  that  gases  1S  umform 
the  volume  cannot  increase,  the  pressure  of  the  molecules 
against  the  walls  of  the  flask  increases  by  2T3-  If  the  tem¬ 
perature  of  the  gas  is  raised  2°  C.,  the  volume  will  expand 
2T3  liter,  the  total  volume  becoming  fyf  liters.  If  the  gas 
is  confined,  the  pressure  increases  by  2?3*  This  increase 
in  volume  by  expansion,  or  increase  in  pressure  if  the  gas 


Fig.  190.  Expansion  caused  by  Heat  may 
under  Certain  Conditions  do  Great  Damage 

This  broken  and  twisted  metal  was  once  a  boiler 
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Fig.  191.  Temperature  determines 
the  States  of  Matter.  Everything 
would  be  frozen  Solid  at  the 
Temperature  of  Absolute  Zero 

The  boiling  point  and  the  freezing 
point  differ  in  different  materials 


is  confined  so  that  it  cannot 
expand,  goes  on  uniformly  as 
the  gas  is  heated.  If  the  tem¬ 
perature  is  raised  from  0°  C.  to 
273°  C.  and  the  gas  is  allowed 
to  expand  without  changing 
the  pressure  on  it,  the  volume 
will  be  just  twice  as  great  as  at 
0°  C.  If  the  gas  is  confined  so 
that  it  cannot  expand,  the 
pressure  of  the  gas  at  273°  C. 
is  just  twice  as  great  as  at  0°  C. 

This  fraction  2T3  applies 
only  when  you  consider  the 
original  volume  of  the  gas  as  at 
0°  C.  At  any  other  tempera¬ 
ture  the  ratio  would  be  ex¬ 
pressed  by  some  other  fraction. 
As  a  gas  is  cooled,  the  volume 
decreases,  or  grows  less ;  or  if 
the  volume  is  kept  the  same, 
the  pressure  decreases.  The 
ratio  of  decrease  is  the  same  as 
the  ratio  of  increase,  except,  of 
course,  that  it  is  in  the  oppo¬ 
site  direction.  Thus  if  a  liter 
of  gas  at  0°  C.  is  cooled  1°  C., 
the  volume  of  gas  decreases 
573  liter.  Similarly  if  the  gas 
is  confined,  the  pressure  of  the 
same  volume  of  gas  decreases 
273  when  the  temperature  de¬ 
creases  1°  C.  At  the  lower 
temperature  the  molecules 
move  more  slowly  and  con¬ 
sequently  exert  less  pressure. 
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If  the  temperature  were  reduced  to  —  273°  C.,  the  gas  pres¬ 
sure  would  become  zero.  In  other  words,  at  this  tempera¬ 
ture  the  molecules  would  have  no  energy,  or  heat.  A 
temperature  of  —  273°  C.  is  a  temperature  of  absolute  cold. 
Scientists  refer  to  this  temperature  as  absolute  zero. 

Most  common  gases  change  to  liquid  at  temperatures 
considerably  above  absolute  zero.  Oxygen  becomes  a  liquid 
at  —  183°  C.,  which  is  90°  C.  above  absolute  zero.  Hydro¬ 
gen  becomes  a  liquid  at  —  253°  C.,  or  20°  C.  above  absolute 
zero.  Helium  changes  to  liquid  at  —  268°  C.,  which  is  but 
5°  C.  above  absolute  zero.  The  temperature  of  absolute 
cold  (—  273°  C.)  has  never  been  reached,  but  it  has  been 
very  nearly  reached.  The  lowest  temperature  ever  recorded 
is  —  272.18°  C.,  less  than  one  degree  above  the  temperature 
of  absolute  cold. 

The  experiments  with  gases  show  the  relationship  be¬ 
tween  temperature  and  the  energy  of  moving  molecules. 
Most  substances  will  change  through  the  three  states  of 
matter  as  they  are  heated  or  cooled.  Water  freezes  at 
0°  C.  and  boils  at  100°  C.  Oxygen  freezes  at  —  218.4°  C. 
and  boils  at  —  183°  C.  Notice  that  ice  is  a  hundred  and 
eighty-three  degrees  hotter  than  boiling  oxygen.  Lead 
freezes  (becomes  solid)  at  327°  C.  and  boils  at  1525°  C. 
Thus  you  see  that  the  energy  of  the  molecules  determines 
the  state  of  matter.  As  you  can  see  from  Temperaturedeter. 
Fig.  191,  the  boiling  point  and  the  freezing  mines  the  states  of 
point  differ  with  different  materials.  All  matter 
the  chemical  elements  on  the  surface  of  the  sun  (tempera¬ 
ture  6000°  C.)  are  in  the  gaseous  state ;  in  other  words,  they 
are  gases. 

D.  What  is  the  Relation  between  Heat  and 
Mechanical  Energy? 

Have  you  ever  noticed  what  happens  as  you  hammer  a 
nail  on  an  iron  block?  The  nail  gets  hot.  Have  you  ever 
noticed  what  happens  to  the  bit  of  a  drill  which  you  have 
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used  to  bore  a  hole  in  hard  wood  or  iron?  The  bit  gets 
hot.  Rub  your  coat  sleeve  vigorously  for  a  few  minutes. 
Mechanical  energy  Is  there  any  evidence  of  heat?  Perhaps 
may  be  changed  y0u  have  started  a  fire  sometime  by  the 
into  mechanical  primitive  method  of  rubbing  sticks  to- 
enersy  gether.  All  these  simple  experiences  in¬ 

dicate  that  mechanical  energy,  that  is,  the  energy  of  a 
moving  object,  may  be  changed  into  heat.  Consider  a  hot 

box  on  the  axle  of  a 
railway  car  or  burn¬ 
ing  brakes  on  an 
automobile.  In  these 
instances  what  hap¬ 
pened  to  the  moving 
parts,  and  why? 

Many  experiments 
have  been  carried  out 
to  find  the  relation 
between  mechanical 
energy  and  heat.  The 
experiments  them¬ 
selves  are  difficult, 
but  the  principle  may 
be  understood  from  a 
reference  to  the  ap¬ 
paratus  and  method 
used  by  one  of  the 
early  investigators. 
Fig.  192  shows  a  cross 
section  of  the  appa¬ 
ratus  he  used.  Sup¬ 
pose  the  weights  on 
the  ropes  total  2 
pounds,  and  suppose 
the  distance  of  fall  in  each  case  is  1  foot.  In  the  higher 
position  the  weights  may  be  said  to  have  2  foot-pounds  of 


Fig.  192.  There  is  a  Relationship  between 
Heat  and  Mechanical  Energy 

This  diagram  shows  the  apparatus  used  by  an 
early  experimenter 
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potential  energy.  As  the  weights  move  through  one  foot, 
they  do  2  foot-pounds  of  work,  turning  the  shaft  to  which 
the  paddles  are  attached.  The  force  due  to  pull  of  gravity 
on  the  weights  is  just  sufficient  to  cause  the  shaft  to  turn. 
Energy  of  course  is  expended  to  stir  the  water.  Now  wind 
up  the  rope  again  and  bring  the  weights  to  the  top.  Let 
them  fall  again.  Continue  the  process.  After  a  time  it  may 
be  observed  that  the  water  is  warmer.  Suppose  that  there 
are  500  grams  of  water  (about  a  pint)  in  the  can.  Careful 
experiments  show  that  about  1550  foot-pounds  of  work, 
done  by  the  weights  in  moving  through  one  foot,  will  cause 
the  temperature  of  the  water  to  rise  1°  C. 

Let  us  state  the  results  in  another  way.  You  may  re¬ 
member  from  previous  work  in  science  a  unit  of  measure¬ 
ment  called  the  gram-calorie.  This  was  defined  as  the 
amount  of  heat  needed  to  raise  the  temperature  of  1  gram 
of  water  1°  C.  We  can  say,  then,  that  1550  foot-pounds 
were  expended  to  produce  500  gram-calories  of  heat.  In 
other  words,  1550  foot-pounds  of  mechanical  work  are 
equivalent  to  500  gram-calories,  or  3.1  foot-pounds  are 
equivalent  to  1  gram-calorie.  Other  experiments  have 
brought  similar  results,  showing  that  the  energy  of  1  gram- 
calorie  is  sufficient  to  do  3.1  foot-pounds  of  work. 

Here,  then,  are  two  units  (the  foot-pound  and  the  gram- 
calorie)  in  which  we  may  express  the  potential  energy  of 
materials.  You  may  find  the  relation  be-  xhe  relationship 
tween  heat  and  mechanical  energy  ex-  ^we®“rme^JIlf‘ 
pressed  in  other  terms  than  these,  however,  heat  emaygbean 
Another  unit  often  used  is  the  British  measured 
thermal  unit  (B.T.U.).  This  unit  is  the  amount  of  heat 
required  to  raise  the  temperature  of  1  pound  of  water 
1°  F.  By  the  same  experiment  described  above  you  may 
show  that  778  foot-pounds  are  equivalent  to  1  B.T.U. 
Notice  that  the  B.T.U.  is  much  larger  than  the  gram- 
calorie.  The  ratio  between  these  two  units  is  that 

is,  one  B.T.U.  is  equal  to  252  gram-calories. 
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You  may  see' now  how 
the  energy  values  of  foods 
and  fuels  are  figured. 
Careful  experiments  have 
shown  that  the  energy 
released  from  burning  1 
pound  of  coal  is  equal  to 
about  3,000,000  gram- 
calories.  The  potential 
energy  in  1  pound  of  coal 
is  therefore  sufficient  to 
do  about  9,300,000  foot¬ 
pounds  of  work. 

When  you  consider 
such  amounts  of  poten¬ 
tial  energy  and  the  fact 
that  steam  engines  use 
coal  as  fuel,  you  cannot 
help  but  come  to  the  con¬ 
clusion  that  a  steam  en¬ 
gine,  as  shown  in  Fig.  193, 
seems  very  inefficient  as  a 
means  for  changing  heat 
energy  into  mechanical 
energy.  Let  us  see  if  we 
can  support  this  state¬ 
ment.  Remember  that  the  potential  energy  of  fuels  is  re¬ 
leased  as  the  fuels  are  burned.  Suppose  all  the  energy 
,  ,  released  as  heat  could  be  changed  into 

Many  mechanical  ,  .  ,  -n  i  i  • 

devices  are  waste-  mechanical  energy,  Bach  gram-calorie 

ful  in  their  use  of  then  would  be  sufficient  to  do  3.1  foot- 

energy 

pounds  of  work.  But  in  the  best  station- 
ary  engines  only  about  one  fifth  of  the  energy  from  the 
fuels  may  be  used  to  do  useful  work.  In  a  railroad  loco¬ 
motive  only  about  one  twentieth  of  the  energy  in  the  fuel 
is  really  used  to  drive  the  train. 


Ewing  Galloway 

Fig.  193.  Many  Mechanical  Devices  are 
Wasteful  in  their  Use  of  Energy 

Why  is  this  statement  true  of  a  steam 
engine,  such  as  the  one  shown? 
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Fig.  194.  The  Amount  of  Energy  derived  from  Foods  may  be  Measured 
Can  you  explain  the  things  you  see  in  this  picture  ? 

An  engine  such  as  is  used  for  pumping  water  may  use 
coal  at  the  rate  of  about  1  pound  a  minute.  Suppose  that 
one  fifth  of  the  energy  produced  is  converted  into  useful 
work.  How  many  horsepower  are  developed?  Since  the 
energy  in  1  pound  of  coal  is  equivalent  to  9,300,000  foot¬ 
pounds,  the  amount  changed  into  useful  work  is  1,860,000 
foot-pounds  (J  x  9,300,000  =  1,860,000).  One  pound  of 
coal  per  minute  in  this  engine  will  produce  about  56  horse¬ 
power  (1,860,000  -5-  33,000  =  56.4). 

The  potential  energy  of  food  may  be  converted  into 
kinetic  energy  by  burning  the  food,  just  as  fuels  are  burned. 
Experiments  show  that  one  large  slice  of  bread  furnishes 
about  100,000  gram-calories.  When  the  bread  is  oxidized 
in  the  cells  of  the  body,  the  same  amount  of  energy  is  re¬ 
leased.  Some  of  it  is  used  by  the  muscles,  some  is  used  to 
maintain  the  temperature  of  the  body,  and  some  serves 
other  purposes.  An  apparatus  like  the  one  shown  in  Fig.  194 
may  be  used  to  measure  the  amount  of  energy  derived  from 
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foods.  The  amount  of  oxygen  the  man  uses  tells  the  amount 
of  food  he  uses.  The  machine  registers  the  amount  of  work 
done  as  the  man  walks.  Careful  experiments  show  that 
28  per  cent  of  the  energy  in  food  may  be  converted  into 
muscular  energy.  Therefore  the  large  slice  of  bread  may 
furnish  28,000  gram-calories  (0.28  X  100,000  =  28,000)  of 
muscular  energy.  Since  1  gram-calorie  is  equivalent  to 
3.1  foot-pounds,  the  energy  supplied  to  the  muscles  by  the 
slice  of  bread  is  86,800  foot-pounds  (3.1  X  28,000  =  86,800). 

From  this  you  may  see  where  your  energy  comes  from. 
If  you  weigh  124  pounds,  the  energy  from  one  slice  of 
bread  would  be  sufficient  to  carry  you  up  a  hill  700  feet 
high  (700  X  124  =  86,800).  Of  course  you  know  that  you 
need  three  meals  a  day  whether  you  climb  the  hill  or  not. 
In  climbing  you  make  many  motions  besides  those  that 
raise  the  body  to  the  higher  level.  In  practice,  then,  you 
would  find  that  the  single  slice  of  bread  would  be  insufficient. 


E.  How  has  the  Use  of  Energy  influenced  the 
Culture  of  People? 

Among  the  Seven  Wonders  of  the  Ancient  World  are 
some  great  engineering  achievements,  including  the  pyra¬ 
mids  of  Egypt,  the  temple  of  Diana,  and  the  tomb  of 
Mausolus  (shown  in  Fig.  195).  Other  great  engineering 
developments  include  the  Great  Wall  of  China,  the  Colos¬ 
seum  at  Rome,  and  the  mosque  of  Saint  Sophia  (also  in 
Fig.  195).  As  we  observe  men  today,  completing  as  they 
do  great  engineering  developments  in  relatively  short  peri¬ 
ods  of  time,  we  wonder  how  these  older  wonders  could  have 
been  built  at  a  time  when  engineers  knew  nothing  about 
the  use  of  energy  from  oil  and  coal. 

The  largest  of  the  pyramids  (Cheops)  is  built  of  about 
135,000,000  cubic  feet  of  stone.  The  stone  is  in  the  form  of 
blocks,  each  of  about  40  cubic  feet.  Each  block  weighs 
about  6000  pounds.  More  than  three  million  of  these 


Fig.  195.  Some  Great  Engineering  Feats  were  achieved  long  before  the 
Days  of  the  Age  of  Power 

The  pyramids  of  Egypt,  the  tomb  of  Mausolus,  and  the  temple  of  Diana  are 
included  among  the  Seven  Wonders  of  the  Ancient  World.  The  other  struc¬ 
tures  shown  here  are  the  Great  Wall  of  China,  the  Colosseum  in  Rome,  and 
the  mosque  of  Saint  Sophia  in  Constantinople 
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blocks  were  used.  It  was  necessary  to  convey  them  across 
the  Nile  River  and  across  about  eight  miles  of  level  coun¬ 
try  to  the  position  where  they  were  finally 

Ancient  civiliza-  ,  .  , 

tions  depended  Set  in  place. 

upon  energy  from  Such  a  piece  of  engineering  was  possible 

muscular  effort  .  n  ..  .  ,  , 

only  because  kings  and  emperors  were  able 
to  control  large  numbers  of  men.  The  manner  in  which 
they  were  controlled  and  the  conditions  under  which  they 
worked  seem  shocking  to  us  today.  A  quotation  from 
ancient  records  tells  how  the  workers  were  often  driven 
until  they  dropped  dead  from  exhaustion. 

Levers,  rollers,  pulleys,  ropes,  and  the  inclined  plane 
were  used  in  moving  the  stone.  No  records  are  left  that 
fully  describe  this  feat  of  engineering.  It  is  generally  be¬ 
lieved  that  these  ancient  Egyptians  built  an  enormous  in¬ 
clined  plane  (in  some  such  fashion  as  that  shown  in 
Fig.  196),  up  which  the  blocks  were  pushed  or  pulled  into 
position.  The  plane  was  several  hundred  feet  long,  and  in 
order  to  get  the  last  blocks  into  position  it  was  necessary 
that  it  be  482  feet  high. 

The  slaves  that  moved  the  stones  were  able  to  work  at 
the  rate  of  about  one  seventh  of  a  horsepower.  It  is  be¬ 
lieved  that  the  men  worked  in  relays,  about  a  hundred 
thousand  at  a  time,  and  that  twenty  years  were  required 
to  complete  the  work. 

If  engineers  of  today  were  to  build  a  structure  like  the 
pyramids,  energy  from  fuels  would  be  used  in  place  of  the 
energy  of  human  slaves.  The  scene  might 
timf  depends  upon  look  like  that  in  Fig.  197.  These  modern 
man’s  control  of  workers  might  follow  the  example  of  the 
energy  resources  Egyptian  engineers  and  build  an  inclined 

plane  up  which  the  stone  blocks  would  be  raised.  The  plane 
would  be  built  so  that  trucks  could  go  up  and  down  it. 
Trucks  with  150-horsepower  engines  would  be  used,  in¬ 
stead  of  men  with  \  horsepower,  for  moving  the  blocks  up 
the  plane.  Each  truck  would  probably  carry  two  blocks 
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Fig.  196.  The  Building  of  the  Pyramids  was  Possible  only  because  Kings 
and  Emperors  were  able  to  control  Large  Numbers  of  Men1 

and  would  move  up  the  plane,  probably,  at  a  speed  of 
15  miles  per  hour.  The  blocks  would  be  swung  into  place 
by  large  derricks  operated  by  steam  power.  Working  on 
a  twenty-four-hour  shift,  one  truck  might  make  twenty- 
four  trips  up  the  plane  in  one  day.  If  a  hundred  trucks 
were  kept  working  continually  at  this  rate,  the  work  would 

1  Prom  Pahlow’s  Man’s  Great  Adventure.  Ginn  and  Company,  pub¬ 
lishers,  1932. 
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Ewing  Galloway 

Fig.  197.  Modern  Building  depends  upon  the  Energy  from  Fuel  rather 
than  from  Human  Muscles 

be  done  in  less  than  two  years.  A  few  hundred  men,  then, 
working  with  little  or  no  physical  strain,  would  be  used 
in  place  of  a  hundred  thousand  slaves.  In  a  work  of  this 
kind  today  energy  from  gasoline  and  coal  is  used  to  do  the 
work.  Certainly  man's  control  of  energy  has  changed  his 
ways  of  building. 

Learning  to  control  energy  has  greatly  changed  our 
methods  of  transportation  too.  Only  a  few  hundred  years 
ago  horses  were  used  as  the  most  rapid  means  of  transporta¬ 
tion.  A  horse  is  supposed  to  work  at  the  rate  of  1  horse¬ 
power.  Today  there  are  railroad  locomotives  that  work  at 
the  rate  of  5000  horsepower.  For  transportation  over  the 
highways  we  have  substituted  automobiles  of  a  hundred 
or  more  horsepower  for  the  horse  of  1  horsepower.  Engines 
of  400  horsepower  and  more  are  used  for  transportation 
through  the  air. 

Our  methods  of  manufacturing  have  changed  tremen¬ 
dously  as  man  has  learned  to  control  energy.  Only  a  little 
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Fig.  198.  Our  Methods  of  Manufacturing  have  changed  tremendously  as 
Man  has  learned  to  control  Energy 

Contrast  weaving  by  hand  with  weaving  by  the  machine  process 


while  ago  most  of  the  clothing  was  manufactured  in  the 
home  by  a  slow  and  tiresome  process.  Today  energy  from 
coal  runs  the  machines  that  do  the  weav¬ 
ing.  The  hand  method  and  the  factory  haT  t ran sf  o rme d?7 
method  are  shown  in  Fig.  198.  In  the  iron  man’s  ways  of 

.  working 

and  steel  mills  great  loads  of  iron  ore  are 
changed  into  iron.  This  is  a  chemical  process,  and  the 
energy  for  the  chemical  change  comes  from  coal.  The  iron 
is  manufactured  into  heavy  machinery,  and  this  in  turn  is 
handled  by  machines  driven  by  energy  secured  from  coal. 
Only  a  few  men  are  required  to  control  the  machines. 

Some  figures  furnish  a  comparison  of  the  rate  at  which 
energy  is  used  today  with  the  rate  at  which  it  was  used 
only  a  few  years  ago.  In  1860,  as  you  have  seen,  very  little 
coal  was  used.  In  1890  about  150,000,000  tons  were  used 
in  the  United  States.  In  1929  more  than  500,000,000  tons 
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were  used.  (Look  again  at  Fig.  140,  p.  257.)  The  production 
of  petroleum  in  the  United  States  increased  from  about 
64,000,000  barrels  (1  barrel  equals  42  gallons)  in  1900  to 
more  than  1,000,000,000  barrels  in  1929.  The  energy  in 
1  pound  of  coal  will  do  about  9,300,000  foot-pounds  of 
work,  and  the  energy  in  1  pound  of  petroleum  will  do 
somewhat  more.  An  increase  of  350,000,000  tons  of  coal 
in  forty  years  and  an  increase  of  nearly  1,000,000,000 
barrels  of  petroleum  in  thirty  years  show  the  enormous 
increase  that  there  has  been  in  the  rate  at  which  energy 
is  used. 


Energy  is  characterized  as  potential  and  kinetic.  Energy  can¬ 
not  be  created  by  machinery;  most  of  it  comes  from  the  sun. 
Energy  may  be  measured  and  the  efficiency  of  machinery  in 
using  energy  determined.  Man’s  control  of  energy  has  had  an 
important  effect  upon  his  culture. 


Can  You  Answer  these  Questions? 

1.  How  should  you  define  energy  ? 

2.  What  are  some  of  the  relationships  of  force,  work,  and 
energy  ? 

3.  How  does  potential  energy  differ  from  kinetic  energy? 
How  may  one  be  changed  to  the  other  ?  Give  several  illustrations. 

4.  Why  does  it  seem  unreasonable  to  suppose  that  a  real 
perpetual-motion  machine  will  ever  be  perfected? 

5.  What  evidence  is  there  to  support  the  idea  that  at  some 
time  solar  radiation  may  be  a  direct  source  of  energy  for  in¬ 
dustry  ? 

6.  Is  it  correct  to  say  that  the  sun’s  rays  are  heat  ?  Why  ? 

7.  What  other  sources  of  energy  besides  the  sun  are  there  in 
the  universe  ? 

8.  How  may  heat  be  explained  in  terms  of  the  molecular 
theory  ? 
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9.  What  is  meant  by  the  statement  that  the  expansion  and 
contraction  of  gases  are  uniform? 

10.  What  evidence  is  there  to  support  the  statement  that  tem¬ 
perature  determines  the  states  of  matter  ? 

11.  What  is  the  relation  between  heat  and  mechanical  energy? 

12.  What  is  the  B.  T.  U.  ?  the  gram-calorie? 

13.  How  is  the  potential  energy  of  food  converted  into  kinetic 
energy  ? 

14.  What  are  some  of  the  chief  differences  between  the  forms 
of  energy  used  in  ancient  civilizations  and  in  our  own  ? 

Questions  for  Discussion 

1.  WTiat  changes  in  forms  of  energy  take  place  as  a  meteorite 
plunges  downward  through  the  atmosphere  to  the  earth  ? 

2.  At  the  rate  we  are  using  energy  is  there  not  danger  that 
we  may  soon  use  all  we  have  ? 

3.  Why  do  you  think  that  solar  engines  are  not  yet  in  com¬ 
mon  use  ? 

4.  Why  is  a  steam  engine  an  inefficient  machine  for  changing 
energy  from  one  form  to  another  ? 

5.  What  should  you  call  the  seven  wonders  of  the  modern 
world?  Support  your  answer. 

6.  Is  it  possible  that  energy  may  at  some  time  be  as  easily 
obtained  for  all  purposes  as  water  and  air  are  now  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Demonstrate  how  kinetic  energy  may  be  changed  into  heat. 

2.  Illustrate  by  a  blackboard  talk  the  changes  from  potential 
to  kinetic  energy,  and  the  reverse,  in  some  common  energy  cycle. 

3.  Prepare  a  short  talk  on  "  Perpetual-Motion  Machines.” 

4.  See  if  a  radiometer  will  work  under  a  strong  electric  light 
as  well  as  under  sunshine.  Explain  your  findings. 

5.  Ask  your  science  teacher  to  help  you  to  set  up  apparatus 
which  will  show  that  different  metals  expand  in  varying  degree. 


Chapter  XVIII  •  How  does  an  Engine  change  the 
Potential  Energy  of  Fuel  into  Kinetic  Energy? 

What  do  you  know  about  early  life  on  the  Western  fron¬ 
tier  of  our  country?  Have  you  ever  read  anything  about 
The  development  it?  You  should,  for  it  is  one  of  the  thrill¬ 
ed  railroads  paral-  jng  chapters  dealing  with  the  development 

leled  the  expan-  .  . .  .  ,  .  ,  ,  ,  . , 

sion  of  the  United  of  this  country.  A  hundred  years  ago  the 
States  Western  Plains  of  the  United  States  were 

largely  undeveloped.  Small  settlements  had  been  estab¬ 
lished,  but  the  main  centers  of  population  were  to  be  found 
in  the  East  and,  as  a  result  of  the  gold  rush  (1849),  in  the 
Far  West.  At  first,  communication  between  these  points 
was  maintained  by  stagecoaches  which  traveled  regular 
routes,  taking  some  three  weeks  for  the  long  journey  be¬ 
tween  St.  Louis  and  San  Francisco.  You  can  imagine  the 
dangers  and  hardships  of  such  a  trip.  At  the  same  time 
there  were  the  pony-express  riders,  carrying  the  mail  over 
a  route  of  some  two  thousand  miles  between  St.  Joseph, 
Missouri,  and  San  Francisco  in  about  ten  days.  Changing 
horses  frequently  and  riding  at  breakneck  speed,  these  dar¬ 
ing  men  helped  to  make  American  history. 

As  late  as  1850  there  were  only  about  nine  thousand 
miles  of  railroad  in  the  whole  United  States.  Check  this 
with  the  railroad  mileage  of  today,  and  you  will  find  part 
of  the  answer  to  the  question  why  the  United  States  has 
developed  so  rapidly.  Today,  as  you  know,  you  can  board  a 
train  in  almost  any  part  of  the  country  and  travel  with  speed 
and  comfort  west,  east,  north,  and  south. 

What  made  this  rapid  development  of  land  transporta¬ 
tion  possible?  Briefly  the  answer  may  be  found  in  man’s 
control  over  his  energy  resources.  At  greater  length  the 
story  includes  the  development  of  engines.  It  is  this 
longer  story  that  will  be  told  in  this  chapter. 
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A.  How  does  a  Steam  Engine  change  the 
Energy  of  Fuels? 

A  simple  toy  engine  serves  very  well  to  illustrate  how 
the  more  complex  steam  engine  works.  Notice  the  essen¬ 
tial  parts  of  it  shown 
in  Fig.  199.  Find  the 
fire  box,  boiler,  steam 
chest,  slide  valve, 
cylinder,  piston,  fly¬ 
wheel,  and  exhaust. 

In  this  toy  engine 
fuel  may  be  gas  or 
alcohol.  As  the  fuel 
burns,  its  potential 
energy  becomes  the 
kinetic  energy  of 
moving  molecules  of 
hot  steam.  Energy 
from  the  fuel  is  trans¬ 
ferred  to  molecules  of 
water  in  the  boiler. 

After  a  time  the  water 
boils.  The  pressure 
exerted  by  the  mov¬ 
ing  molecules  is  now 
greater  than  the  pres¬ 
sure  of  the  atmos¬ 
phere.  Steam  passes 
from  the  boiler  to  the 
steam  chest  and  then 
through  the  slide 
valve  into  the  cyl¬ 
inder.  Within  the 
cylinder  the  steam  pressure  acts  as  a  force  against  the 
piston.  The  piston  is  pushed  along  by  this  force  toward  one 


Fig.  199.  A  Simple  Toy  Engine  may  be  used 
to  demonstrate  how  a  More  Complex  Engine 
Works 

Can  you  locate  the  various  parts  referred  to 
in  the  text? 
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Fig.  200.  As  Steam  enters  the  Cylinder  of  a  Steam  Engine,  it  forces  the 
Piston  to  move  Back  and  Forth 

How  does  the  slide  valve  cause  the  direction  of  the  piston  to  change? 

end  of  the  cylinder.  The  piston  rod  is  attached  to  the  fly 
wheel.  When  the  piston  moves,  it  causes  the  flywheel  to  turn. 

But  why  does  the  piston  move  back  and  forth?  Study 
the  slide  valve  shown  in  Fig.  200.  You  will  find  an  opening 
v.  .  ,  into  each  end  of  the  cylinder :  notice  that 

steam  works  against  the  piston  slides  back  and  forth  between 
the  piston  these  two  openings.  In  Fig.  200,  a,  steam 

pressure  is  driving  the  piston  from  the  left  toward  the 
right.  As  soon  as  it  reaches  the  right  end  of  the  cylinder, 
the  piston  starts  back  toward  the  left.  How  does  this 
happen?  Notice  the  slide  valve.  It  is  joined  with  a  con¬ 
necting  rod  to  the  eccentric,  and  this  is  attached  to  the 
shaft  which  turns  the  flywheel.  The  motions  are  timed  in 
such  a  manner  that  the  slide  valve  is  pulled  toward  the 
left  before  the  piston  reaches  its  position  farthest  toward 
the  right.  This  closes  the  valve  between  the  steam  chest 
and  the  left-hand  side  of  the  cylinder  (Fig.  200,  b)  and 
opens  the  valve  between  the  steam  chest  and  the  right- 
hand  side  of  the  cylinder.  Pressure  from  the  steam  now 
drives  the  piston  back  toward  the  left.  The  used  steam  is 
forced  out  through  the  exhaust.  By  examining  a  toy  steam 
engine,  you  may  learn  how  an  engine  works. 
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A  real  engine,  such  as  you  saw  in  Fig.  193,  may  be  used 
for  lifting  or  for  other  work  in  a  factory.  Suppose  an 
engine  burns  coal  at  the  rate  of  12  pounds  an  hour.  This 
is  at  the  rate  of  ^  pound  each  minute.  One  pound  of  coal, 
you  may  remember,  is  equivalent  to  about  9,300,000 
foot-pounds.  For  convenience  let  us  say  it  is  10,000,000 
foot-pounds.  One-fifth  pound  is  equivalent  to  2,000,000 
foot-pounds.  Work  at  the  rate  of  2,000,000  foot-pounds 
each  minute  is  at  the  rate  of  about  60  horsepower  (2,000,000 
-s-  33,000  =  60.6).  In  an  engine  of  this  kind  about  20  per 
cent  of  the  energy  from  the  fuel  may  be  converted  into  use¬ 
ful  work.  Therefore  an  engine  burning  coal  at  this  rate  will 
really  develop  power  at  the  rate  of  about  12  horsepower. 


B.  How  is  Energy  used  in  a  Railroad  Locomotive? 

One  of  the  greatest  achievements  in  the  use  of  energy 
from  coal  is  found  in  the  modern  locomotive.  In  the  engine 
yards  of  one  of  the  great  railroad  companies  you  can  find 
several  of  the  powerful  iron  horses  that  pull  heavy  trains. 
Fig.  201  shows  a  number  of  them.  An  engine  just  in  from 
a  run  may  be  undergoing  inspection  and  overhauling  to 
make  it  ready  to  go  out  again.  Another  engine  may  be 
ready  to  pull  a  fast  and  heavy  train  on  a  long  run.  All  the 
moving  parts  have  been  carefully  inspected  by  men  trained 
for  this  work.  This  inspection  is  extremely  important.  The 
engine  may  pull  a  train  of  ten  or  more  cars,  carrying  about 
a  hundred  and  fifty  passengers.  The  total  cost  of  the  train 
will  be  about  a  million  dollars.  Every  precaution  must  be 
taken  to  prevent  a  wreck. 

The  fireman  may  be  in  the  cab  working  rather  leisurely 
at  getting  up  steam.  Coal  is  fed  to  the  fire  box  by  an  auto¬ 
matic  stoker,  so  his  work  is  not  heavy.  If  a  locomotive  is  an 
you  could  engage  him  in  conversation,  he  enormous  machine 
might  tell  you  that  the  engine  weighs  more  than  300  tons 
and  that  it  is  about  90  feet  long.  When  starting  a  trip 
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—  N.Y.C.R.R. 

Fig.  201.  One  of  the  Greatest  Achievements  in  the  Use  of  Energy  from 
Coal  is  found  in  the  Modern  Locomotive 


it  carries  28  tons  of  coal  and  about  14,000  gallons  of  water. 
If  you  could  look  into  the  fire  box,  you  would  see  a  brilliant 
hot  fire  distributed  over  a  grate  area  of  about  80  square 
feet.  While  pulling  a  heavy  train  at  high  speed  this  engine 
will  burn  about  3  tons  of  coal  an  hour.  Its  load  of  28  tons 
of  coal  therefore  is  enough  for  a  nine-hour  run. 

These  figures  seem  impressive  and  interesting,  but  you 
want  most  to  know  how  the  engine  works.  In  other  words, 
w  ,  ,  how  is  the  energy  from  coal  transferred 

to  steam  in  the  from  the  fire  in  the  fire  box  to  the  wheels 

boiler  that  run  on  the  track?  Looking  through 

the  fire  box,  you  may  see  toward  the  front  end  the  open¬ 
ings  of  the  boiler  tubes  (Fig.  202).  It  is  through  these 
boiler  tubes  that  the  hot  gases  pass  on  their  way  to  the 
smokestack.  Their  path  is  shown  in  Fig.  203.  The  boiler 
in  which  the  water  is  changed  to  steam  is  built  around 
these  openings.  This  arrangement  exposes  a  large  amount 
of  boiler  surface  to  the  heat. 


Fig.  202.  The  Hot  Gases  from  the  Fire  Box  of  a  Locomotive  pass  through 
the  Boiler  Tubes  which  you  see  at  the  Rear  and  heat  the  Water  which  sur¬ 
rounds  them,  changing  it  to  Steam 

Trace  the  course  of  these  gases  in  Fig.  203 


Fig.  203.  A  Steam  Locomotive  is  a  Complex  Machine  which  changes  the 
Potential  Energy  of  Coal  or  Oil  into  Kinetic  Energy 

Can  you  trace  the  path  of  this  energy  from  the  fire  box  to  the 
drive  wheels? 
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Fig.  204.  The  Engineer  of  a  Modern  Steam  Locomotive  must  be  Familiar 
with  All  these  Instruments 


Which  do  you  think  is  the  easier  to  run,  the  train  that  has  this 
cab  or  the  one  with  the  cab  shown  in  Fig.  217  ? 


Inside  the  cab,  as  shown  in  Fig.  204,  are  instruments  by 
means  of  which  the  engine  is  controlled.  It  certainly  looks 
m,  ,  .  complex,  doesn’t  it?  Yet  the  engineer 

Ihe  steam  engine  ^  7  0 

is  an  external-  knows  exactly  what  each  instrument  is 
combustion  engine  usec[  for  Lrt  us  describe  some  of  them 

for  you.  There  is  a  stoker  engine,  which  is  really  an  engine 
within  an  engine.  It  runs  the  automatic  stokers  which 
feed  coal  to  the  fire  box.  The  fireman,  using  a  shovel,  could 
hardly  feed  coal  to  the  fire  box  fast  enough  to  keep  up  steam 
while  this  engine  is  pulling  a  heavy  train.  There  are  steam- 
pressure  gauges.  In  addition  to  pulling  the  train  and  stok¬ 
ing  the  coal  the  engine  must  supply  heat  and  hot  water 
to  the  cars.  One  gauge  therefore  indicates  the  pressure  in 
the  system  which  supplies  steam  heat  to  the  cars.  Another 
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gauge  shows  the  pressure  in  the  stoker  engine.  The  large 
gauge  near  the  center  indicates  the  pressure  in  the  main 
boiler.  The  figures  on  this  dial  run  to  something  over  225, 
for  many  of  the  big  engines  used  in  passenger  service  carry 
a  boiler  pressure  of  about  225 
pounds.  On  the  side  of  the 
cab  that  is  next  to  the  engi¬ 
neer's  seat  (on  the  right)  are 
the  levers  by  means  of  which 
the  engineer  controls  the 
throttle,  the  air  brakes,  and 
other  things  used  to  keep  the 
engine  running  properly  and 
the  passengers  comfortable 
in  the  coaches  behind  him. 

The  pressure  gauge  is  the 
center  of  interest  when  the 
engineer  is  getting  ready  for 
the  run.  If  it  is  not  time  for 
the  engine  to  go  out,  the  gauge 
may  read  considerably  less 
than  225.  As  the  time  to 
start  approaches,  the  fire  is 
hastened,  and  the  pointer  on 
the  dial  moves  slowly  around 
toward  225.  You  understand, 
of  course,  that  the  pressure 
cannot  go  higher  and  higher. 

If  it  did,  the  boiler  would 
finally  burst.  As  a  protection, 
then,  all  engines  are  equipped 

with  a  safety  valve.  Even  your  toy  engine  has  one.  If 
the  pressure  goes  too  high,  the  valve  opens  automatically. 
Then  there  is  a  roar  of  steam  rushing  through  it  and  con¬ 
tinuing  until  the  pressure  is  lowered  to  the  proper  point. 
A  common  form  of  pressure  gauge  is  shown  in  Fig.  205. 


Fig.  205.  Pressure  Gauges,  such  as 
the  One  shown  here,  register  Steam 
and  Air  Pressure  in  the  Boiler  of 
the  Locomotive 

A,  the  gauge  as  it  looks  to  the  engi¬ 
neer  ;  B,  the  mechanism  of  the  gauge 
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How  is  a  pressure  gauge  constructed?  The  essential 
feature  of  it  is  a  hollow  metal  spring  attached  to  the  boiler 
in  such  a  way  that  the  pressure  of  steam 
^c^rd^th^pres-  from  the  boiler  is  applied  inside  the  hol- 

*Urteh0fbth'lerteam  ^ow  co^‘  c^osec^  en<^  the  spring  is 
attached  to  the  pointer  by  means  of  a 
lever  and  cogs.  As  pressure  increases  inside  the  spring, 
the  coil  straightens.  The  dosed  end  of  the  spring  in  the 
picture  would  move  toward  the  right  as  pressure  increases 
inside  it.  This  movement  would  cause  the  pointer  to  move 
toward  the  larger  numbers  on  the  dial.  As  the  pressure 
decreases,  the  end  of  the  spring  moves  back  toward  its 
original  position.  Study  Fig.  205,  B. 

Suppose  that  full  steam  pressure  is  up  and  that  the 
engine  is  ready  to  start.  The  engineer  pulls  a  lever  and 
opens  the  throttle  valve.  This  valve  allows  steam  to 
pass  from  the  boiler  to  the  steam  chest  and  into  the  cylin¬ 
ders.  The  cylinder  of  this  large  engine  is  similar  to  the 
cylinder  of  the  toy  ’ engine.  There  are  a  steam  chest,  slide 
valve,  and  exhaust.  Find  them  in  Fig.  203.  In  the  cylinder 
the  force  of  the  steam  pressure  is  against  the  piston,  and 
this  pressure  causes  the  piston  to  move.  The  piston  is 
joined  by  a  system  of  levers  to  the  drive  wheels ;  and  as  the 
piston  moves,  it  causes  the  wheels  to  turn.  Steam  leaves 
the  exhaust  and  escapes  through  the  smokestack.  The  puff 
of  the  engine  is  really  the  noise  of  escaping  steam.  The 
"white  smoke"  from  the  smokestack  is  not  smoke  at  all 
but  steam  from  the  exhaust. 

If  you  stand  beside  the  engine  as  it  begins  to  move,  you 
may  observe  certain  moving  parts.  The  piston  rod  moves 
back  and  forth  in  the  cylinder.  As  it  moves,  the  force  of  the 
molecules  of  hot  steam  is  carried  to  the  wheels.  In  one 
type  of  engine  these  drive  wheels  are  about  20  feet  in  cir¬ 
cumference.  One  complete  turn  of  the  wheel,  then,  carries 
the  engine  forward  on  the  track  a  distance  of  20  feet.  The 
length  of  the  piston  in  this  same  engine  is  28  inches.  While 
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the  piston  makes  one  back-and-forth  motion,  the  drive 
wheels  turn  around  once. 

Let  us  look  at  this  piston  a  little  more  closely.  The 
pressure  of  the  steam  on  the  piston  is  not  uniform  through¬ 
out  the  entire  stroke.  As  the  piston  moves  steam  pressure 
from  one  end  of  the  cylinder  toward  the  drives  the  piston 
other,  some  of  the  force  is  used  to  drive  the  steam  from  the 
last  stroke  out  through  the  valves.  The  steam  is  cut  off 
by  the  slide  valve  after  the  piston  has  moved  about  one 
third  the  length  of  the  cylinder,  and  the  force  of  expansion 
of  the  steam  drives  it  the  remainder  of  the  distance.  As 
the  piston  moves,  the  pressure  diminishes  until  at  the  end 
of  the  stroke  the  pressure  is  very  low.  In  other  words,  the 
strokes  begin  with  a  high  pressure  and  end  with  a  low 
pressure.  Obviously,  in  order  to  figure  the  force  exerted 
and  the  work  done  by  the  steam,  the  average  pressure 
against  the  piston  during  a  stroke  must  be  determined. 

The  engine  mechanic  has  an  instrument  called  an  indi¬ 
cator,  with  which  he  may  determine  the  average  pressure. 
The  value  varies  with  different  engines,  and  in  the  same 
engine  it  varies  at  different  speeds.  In  big  engines  in  com¬ 
mon  use,  when  the  boiler  pressure  is  225  pounds  the  average 
pressure  against  the  piston  is  about  112  pounds  per  square 
inch  when  the  engine  is  running  at  60  miles  an  hour. 

Now  let  us  see  if  we  can  figure  the  average  pulling  force 
and  the  horsepower  of  one  of  these  locomotives.  In  the 
common  type  of  locomotive  used  on  express  trains  there 
are  two  cylinders,  one  on  each  side.  Both  are  just  alike. 
The  two  cylinders  are  each  25  inches  in  diameter  and 
28  inches  long.  When  the  throttle  is  open  and  the  engine 
running,  the  pressure  of  112  pounds  per  square  inch  pushes 
against  the  piston.  The  area  of  the  piston  is  about  490 
square  inches.  The  total  pressure  on  each  piston  in  this 
case,  then,  is  about  54,880  pounds  (112  x  490  =  54,880). 
The  force  of  the  two  pistons  is  109,760  pounds  (2  x  54,880 
=  109,760). 
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Fig.  206.  The  Drive  Wheel  of  a  Locomotive  acts  as  a  Lever 
Can  you  explain  how? 


This  pulling  force  is  carried  to  the  drive  wheels  by  means 
of  the  connecting  rod.  The  wheel  acts  as  a  lever.  The  ful- 
,,  .  ,.  crum  of  this  lever  is  the  axle,  and  the  force 

rorce  is  applied  to  7 

the  wheels  through  turning  the  wheel  is  applied  between  the 

a  third-class  lever  ax]e  anc[  the  rim,  as  shown  in  Fig.  206. 

The  resistance  arm  of  this  lever  is  the  distance  from  the 
axle  to  the  rim.  The  effort  arm  is  the  distance  from  the  axle 
to  the  point  on  the  spoke  at  which  the  force  is  applied.  By 
applying  your  previous  knowledge  of  levers  to  the  diagram 
in  Fig.  206  you  see  that  the  spoke  of  the  wheel  may  be 
considered  a  lever  of  the  third  class.  The  effort  is  greater 
than  the  resistance,  but  the  distance  through  which  the 
resistance  moves  is  greater  than  the  distance  through  which 
the  effort  moves.  In  one  type  of  engine  used  in  passenger 
service  the  force  applied  at  the  rails  when  the  steam  pres¬ 
sure  is  225  pounds  per  square  inch  is  42,300  pounds. 

What  is  the  horsepower  of  such  an  engine  ?  Suppose  that 
the  engine  is  running  at  a  speed  of  1  mile  (5280  feet)  a 

The  horsepower  of  minute-  since  the  drive  wheels  are  about 
a  locomotive  may  20  feet  in  diameter,  they  will  make  264 
be  measured  complete  revolutions  in  running  this  dis¬ 

tance  (5280  -f-  20  =  264).  Figure  the  total  distance  which 
the  force  acting  against  the  piston  moves  during  one  min¬ 
ute.  Why  is  this  necessary?  Remember  that  the  average 
force  against  the  piston  multiplied  by  the  distance  which 
it  moves  gives  a  measure  of  foot-pounds,  which  in  turn  is  a 
measure  of  the  amount  of  work  done.  Since  33,000  foot- 
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pounds  equal  a  horsepower,  the  product  in  foot-pounds  must 
be  divided  by  33,000  in  order  to  find  the  total  horsepower. 

Now  let  us  work  out  our  figures,  beginning  with  foot¬ 
pounds.  For  each  revolution  of  the  drive  wheel  there  is 
one  complete  stroke  (back  and  forth)  of  the  piston.  Since 
the  cylinder  of  the  engine  is  28  inches  (2J  feet)  long,  the 
piston  with  each  revolution  of  the  drive  wheel  moves 
through  4§  feet  (2x2^  =  4§).  In  264  revolutions,  then, 
the  piston  moves  through  1232  feet  (264  X  4§  =  1232). 
Now  consider  the  average  pressure  against  the  piston, 
which,  as  you  have  seen,  is  a  force  of  54,880  pounds.  To 
state  the  part  played  by  this  force  we  may  say  that  there  is 
a  force  of  54,880  pounds  moving  in  the  piston  through  a 
distance  of  1232  feet  a  minute.  To  complete  the  statement, 
the  work  done  in  one  minute  by  this  force  is  67,612,160 
foot-pounds  (1232  X  54,880  =  67,612,160).  Since  1  horse¬ 
power  is  33,000  foot-pounds  per  minute,  the  horsepower 
of  each  cylinder  of  this  locomotive  traveling  at  the  speed 
of  a  mile  a  minute  is  about  2050  (67,612,160  -f-  33,000  = 
2048+) .  But  there  are  two  cylinders.  Therefore  the  horse¬ 
power  of  the  engine  is  about  4100.  The  engine  on  which 
these  figures  are  based  maintained  an  average  of  2482 
horsepower  (measured  at  the  piston)  throughout  a  run  of 
140  miles.  What  happened  to  the  remaining  power?  You 
understand,  of  course,  that  not  all  the  force  is  delivered  as 
a  pull  on  the  train  behind  the  engine.  Some  of  it  is  lost 
by  friction  of  the  moving  parts.  Measured  in  terms  of  pull 
on  the  drawbar  (the  coupling  between  the  engine  and  the 
train),  the  horsepower  of  the  engine  from  which  these 
measurements  were  taken  was  only  1834.  The  power  of 
the  locomotives  used  on  heavy  passenger  trains  is  commonly 
within  the  range  of  from  3000  to  4000  horsepower. 

From  the  scientific  point  of  view,  then,  the  steam  engine 
is  a  mechanism  by  means  of  which  man  controls  the  energy 
of  moving  molecules.  Power  comes  from  energy  released 
by  chemical  changes  going  on  as  coal  burns  in  the  fire  box. 
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Part  of  the  energy  from  the  coal  is  transferred  to  the  mole¬ 
cules  of  water  which  make  up  the  steam  that  goes  to  the 
™  ,  .  cylinders.  But  not  nearly  all  the  energy 

Ihe  steam  engine  J  J 

is  a  machine  of  low  that  is  in  the  coal  is  really  used  to  drive 

efficiency  the  pistons.  The  coal  is  fed  into  these  huge 

engines  at  the  rate  of  about  3  tons  an  hour.  This  amount 
of  coal  burned  in  one  hour  furnishes  enough  energy  to 

develop  more  than  30,000 
horsepower  if  all  of  it  could 
be  applied  as  a  force  against 
the  pistons.  As  you  stand 
near  an  engine,  you  are  well 
aware  that  not  all  the  en¬ 
ergy  is  delivered  to  the  cyl¬ 
inders.  You  feel  the  heat 
that  is  radiated  to  the  air 
from  the  whole  surface  of 
the  boiler  and  the  fire  box. 
A  great  deal  of  heat  passes 
out  with  the  hot  gases  that 
escape  through  the  flues. 
Another  large  quantity  of 
heat  is  carried  away  in  the 
steam  from  the  exhausts. 
In  the  best  locomotives  only 
a  little  more  than  6  per  cent 
of  the  energy  in  coal  is  used 
to  drive  the  engine.  Putting 
it  even  more  simply,  when 
an  engine  was  burning  coal 
fast  enough  to  release  30,000 
horsepower,  it  produced  at 
Fig.  207.  Even  in  a  Modern  Loco-  the  drawbar  Only  1834  horse- 
motive  Much  of  the  Energy  from  the  power#  Study  Fig.  207. 

Fuel  is  Wasted  TT7.  ’  , 

,  0  With  the  steam  engine. 

What  are  the  main  causes  of  waste?  ,  .  ,  . 

Can  they  be  reduced?  man  has  brought  enormous 
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forces  under  control.  As  we  pointed  out  at  the  beginning  of 
this  chapter,  most  of  the  travel  in  the  United  States  a  hundred 
years  ago  was  done  with  teams  of  two  or  four  horses  hitched 
to  stagecoaches.  Eight  miles  per  hour  was  fast  travel  for 
these  horse-drawn  vehicles,  and  2  tons  was  a  heavy  load. 
The  modern  train  is  pulled  by  a  force  equal  to  the  pulling 
force  of  two  thousand  horses,  and  this  force  is  applied  in 
such  a  way  that  a  train  weighing  1000  tons  may  be  pulled 
along  at  a  speed  of  from  60  to  80  miles  per  hour. 

But  even  this  monster  steam  locomotive  with  all  its 
power  is  not  good  enough  for  the  demands  of  today.  It  is 

a  product  of  the  Age  of  Iron,  and  already  xhe  steam  locomo 
demands  are  being  made  for  something  tive  is  a  product 
better.  Automobiles  and  airplanes  are  of  the  Age  of  Iron 
faster.  Therefore  the  locomotive  must  develop  greater 
speed.  But  how?  More  speed  requires  more  power,  and 
more  power  requires  more  fuel.  In  order  to  carry  more  fuel 
the  tender  must  be  enlarged,  and  in  order  to  burn  more  fuel 
the  fire  box  must  be  enlarged.  And  so  the  engine  gets 
heavier  and  heavier. 

With  the  approach  of  an  Age  of  Aluminum  new  develop¬ 
ments  in  railroading  may  be  expected  to  come  rapidly. 
The  steam  locomotive  will  probably  be  replaced  by  one 
driven  by  an  internal-combustion  engine,  which  you  will 
find  described  on  page  394  and  following.  For  construction 
work  aluminum  may  largely  replace  iron  and  steel.  Some 
evidences  of  these  changes  may  already  be  seen. 

Besides  revolutionizing  the  ways  in  which  people  travel 
and  live,  the  development  of  the  steam  engine  has  had  a 
tremendous  effect  upon  the  economic  life  The  development 
of  this  country.  If  we  should  compare  the 
occupations  of  men  before  and  after  the 
invention  of  the  steam  engine,  we  should 
find  great  differences.  The  development 
of  the  railroad  made  a  demand  for  new  products.  New  oc¬ 
cupations  and  new  industries  developed  in  rapid  order. 


of  the  steam  engine 
has  had  an  im¬ 
portant  effect  upon 
economic  develop¬ 
ment 
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Steel  rails  were  needed  for  tracks.  Hundreds,  even  thou¬ 
sands,  of  men  went  into  the  mines  to  dig  iron  ore.  Men 
were  employed  at  the  smelters  in  which  the  iron  ore  was 
changed  to  iron.  Men  were  employed  in  the  iron  and  steel 
mills  which  made  the  iron  into  rails.  Many  more  men  were 
required  to  make  the  roadbeds  and  lay  the  rails. 

But  this  was  only  a  small  part  of  the  change.  It  was 
necessary  to  manufacture  locomotives  and  cars,  and  this 
required  ironworkers  as  well  as  woodworkers.  Finally  men 
were  required  to  operate  the  trains.  Each  big  development 
led  to  the  establishment  of  many  other  developments. 
New  towns  were  built  along  the  roads,  and  many  of  these 
developed  rapidly  into  great  cities.  The  great  wilderness 
of  the  West  was  opened  up  for  settlement.  In  1920  there 
were  two  million  railroad  employees  in  the  United  States 
with  total  wages  of  nearly  four  billion  dollars.  Several 
more  millions  were  employed  in  industries  that  had  been 
built  up  as  a  result  of  the  railroads.  While  these  figures 
have  dropped  somewhat  in  the  last  few  years  owing  to 
newer  types  of  transportation,  the  industries  which  depend 
upon  the  steam  locomotive  still  play  an  enormously  im¬ 
portant  part  in  American  economic  life. 


C.  How  is  Energy  used  in  a  Gasoline  Engine  ? 

The  development  of  the  gasoline  engine  was  another 
great  step  forward  in  the  control  of  energy.  Soon  after 
The  gasoline  en-  the  gasoline  engine  came  the  automobile, 
gine  is  an  internal-  and  a  little  later  the  airplane.  Power  for 
combustion  engine  ^jg  £ype  0f  engjne  comes  from  an  explosion 

which  takes  place  in  the  cylinders.  To  distinguish  it  from 
the  steam  engine  it  is  called  an  internal-combustion  en¬ 
gine.  The  combustion,  that  is,  the  burning,  goes  on  inside 
the  cylinders. 

We  say  that  the  power  for  an  internal-combustion  engine 
comes  from  an  explosion.  What  do  we  mean  ?  An  explosion 
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is  a  rapid  burning  and  a  sudden  release  of  energy.  You 
may  be  familiar  with  the  explosion  of  hydrogen  that  takes 
place  when  a  match  is  applied  to  a  mixture  of  hydrogen  and 
air  in  a  glass  bottle  or  a  test  tube.  A  mixture  of  gasoline 
vapor  and  air  will  explode  in  the  same  way.  Gasoline  is  a 
liquid,  but  it  evaporates  rapidly  and  changes  to  vapor.  In 
this  form  it  will  mix 
with  air  and,  when 
ignited,  explode. 

You  may  know  a 
good  deal  about  the 
engines  used  in  auto¬ 
mobiles.  Gasoline  as 
vapor  is  drawn  into 
the  cylinders  through 
the  carburetor,  and  as 
it  passes  through  the 
carburetor  the  vapor 
mixes  with  air  as 
shown  in  Fig.  208.  If 
the  carburetor  is  cor¬ 
rectly  adjusted,  the 
mixture  of  gasoline 
vapor  and  air  is  in 
proper  proportions 
for  the  most  powerful 
explosion.  For  this 
the  mixture  that  enters  the  cylinders  should  contain  about 
sixteen  parts  of  air  and  one  part  of  gasoline  vapor. 

Let  us  look  at  the  cycle  of  changes  in  which  the  energy 
released  by  the  explosions  is  made  to  drive  the  pistons  of 
an  automobile  or  other  gas  engine.  As  a  piston  moves 
downward,  there  is  a  decreased  pressure  behind  it.  Thus 
outside  air  pressure  forces  gasoline  vapor  and  air  through 
the  intake  valve  into  the  space  behind  the  piston  (see 
Fig.  209,  A).  Just  before  the  piston  starts  upward  again 


Fig.  208.  The  Carburetor  of  an  Automobile 
Engine  mixes  the  Gasoline  with  the  Air 

The  gasoline,  flowing  at  a,  is  mixed  with  the 
air  at  b.  The  mixture,  in  the  form  of  vapor, 
enters  the  engine  cylinder  at  c.  The  propor¬ 
tions  of  gas  and  air  may  be  controlled  by  the 
valve  in  the  engine  pipe 
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Fig.  209.  The  Explosions  of  a  Mixture  of  Gasoline  and  Air  in  the  Cylinders 
of  an  Automobile  Engine  release  the  Energy  which  drives  the  Car 

This  diagram  explains  a  four-cycle  engine.  Do  you  know 
of  any  other  type? 


the  valve  closes  (as  shown  in  Fig.  209,  B),  so  that  the  mix¬ 
ture  of  gasoline  vapor  and  air  cannot  escape.  Under  these 
conditions  the  upstroke  of  the  piston  com- 
gasoline  auto-  presses  the  mixture  of  explosive  gases  into 

mobile  engine  a  Very  small  space.  Just  after  the  piston 

comes  from  the  ex-  .  ,  .  ,  .  .  , 

plosion  of  a  mix-  starts  downward  again  an  electric  spark 

ture  of  gasoline  crosses  the  terminals  of  the  spark  plug 
vapor  and  air  . 

(Fig.  209,  C),  and  this  causes  an  explosion 
in  the  cylinder.  This  explosion  drives  the  piston  downward 
with  considerable  force.  As  the  piston  starts  upward  again 
(see  Fig.  209,  D)  the  exhaust  valve,  which  has  been  closed 
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Fig.  210.  The  Pistons  of  an  Automobile  Engine  are  attached  to  the  Crank 
Shaft  in  such  a  Way  that  as  they  move  up  and  down  in  the  Cylinders  the 
Crank  Shaft  turns  Round  and  Round 


up  to  this  instant,  opens,  and  the  upstroke  forces  through 
the  exhaust  and  out  into  the  air  the  gases  left  from  the  ex¬ 
plosion.  Now  the  piston  starts  downward  again,  the  intake 
valve  opens,  and  a  new  supply  of  the  explosive  mixture  is 
forced  by  air  pressure  into  the  cylinder.  If  you  study  the 
diagrams  carefully,  you  will  see  that  the  piston  moves  four 
times  the  length  of  the  cylinder  (twice  downward  and  twice 
upward)  for  each  explosion.  This  type  of  gasoline  engine 
is  called  a  four-stroke,  or  four-cycle,  engine.  The  four 
strokes  are  (1)  intake,  (2)  compression,  (3)  power,  and 
(4)  exhaust.  Do  you  see  why  these  terms  are  used? 

The  pistons  are  attached  to  the  crank  shaft  in  such  a 
way  that  as  they  move  up  and  down  in  the  cylinders  the 
crank  shaft  turns  round  and  round  (Fig.  210).  The  engine 
is  started  by  turning  the  crank  shaft  with  the  starter.  The 
energy  to  turn  the  starter  comes  from  the  battery.  As  the 
crank  shaft  turns,  gas  enters  the  cylinders.  If  the  ignition, 
or  electric  circuit,  is  on,  the  gas  in  the  cylinders  is  fired  by 
the  electric  spark  that  jumps  across  the  spark  plug.  When 
the  engine  begins  to  fire,  the  starter  is  released,  and  the  ex- 
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plosions  in  the  cylinder  keep  the  crank  shaft  turning.  Ex¬ 
plosions  in  the  cylinders  occur  in  a  regular  order,  and  each 
explosion  acts  as  a  powerful  push  on  the  piston. 

The  first  automobiles  had  one-cylinder  engines.  Since 
the  crank  shaft  must  turn  twice  around  for  each  explosion, 
it  was  necessary  to  use  a  heavy  flywheel  to  keep  it  turning 
through  the  interval  between  explosions.  But  with  one 
cylinder  the  explosions  came  so  far  apart  that  the  early 
automobiles  moved  with  a  jerky  motion,  especially  when 
starting  and  when  moving  at  slow  speed.  With  engines  of 
two  cylinders  the  time  between  explosions  was  divided  by 
two.  With  the  modern  engine  of  eight  or  more  cylinders 
the  explosions  come  so  close  together  that  they  can  hardly 
be  noticed  either  by  hearing  or  by  feeling.  The  flywheel 
of  a  modern  automobile  engine  of  a  hundred  horsepower 
weighs  about  sixty  pounds.  One  of  the  early  one-cylinder 
cars  had  a  flywheel  that  weighed  three  hundred  pounds. 

The  force  of  the  explosion  of  gasoline  in  a  modern  gaso¬ 
line  engine  gives  an  average  push  of  about  100  pounds  per 
square  inch.  The  bore  (the  size  of  the  cav- 
modern  auto-  ity)  of  the  cylinder  of  many  cars  m  common 

measured*7  be  use  *s  a  sma^  fraction  over  3  inches.  The 
area  of  the  piston  in  these  cars  therefore 
is  about  7  square  inches.  The  total  force  against  the  piston, 
then,  is  about  700  pounds.  But  this  explosive  force  must 
carry  the  piston  through  the  four  strokes  known  as  intake, 
compression,  explosion,  and  exhaust,  during  which  the 
piston  moves  four  times  through  the  length  of  the  cylinder. 
The  average  force  of  700  pounds  working  through  one 
length  of  the  cylinder,  then,  is  about  equivalent  to  175 
pounds  (l  of  700  =  175)  moving  four  times  through  the 
cylinder.  Thus  we  may  say  that  the  total  work  done  by 
each  explosion  is  equivalent  to  a  force  of  about  175  pounds 
moving  four  times  through  the  length  of  the  cylinder. 

There  are  two  revolutions  of  the  crank  shaft  for  each 
explosion.  The  flywheel  of  the  crank  shaft  rotates  three 
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thousand  times  per  minute  while  the  engine  is  running  at 
high  speed.  There  are  therefore  fifteen  hundred  explo¬ 
sions  in  each  cylinder  every 


37.8  %  power  lost 
„  in  exhaust  gases, 
exhaust  pipe, 
muffler,  etc. 


minute.  If  there  are  eight 
cylinders,  there  is  a  total  of 
twelve  thousand  explosions 
per  minute.  In  other  words, 
the  force  that  drives  a  car 
along  is  the  total  force  of 
twelve  thousand  explosions 
per  minute,  each  of  which 
exerts  an  average  push  from 
one  explosion  to  the  next  of 
175  pounds.  In  these  cars 
the  stroke  is  about  4 \  inches. 

The  total  distance  through 
which  the  force  of  175 
pounds  moves  in  one  stroke, 
then,  is  18  inches  (4  X  4J 
=  18).  With  these  measure¬ 
ments  it  is  easy  to  figure  the 
horsepower  of  this  engine. 

It  is  necessary  to  figure  the 
amount  of  work  done  in  one 
minute  by  this  force  of  175 
pounds  that  is  working  in 
each  cylinder.  Since  there 
are  fifteen  hundred  explo¬ 
sions  in  each  cylinder  in  one 
minute,  the  force  moves 
through  27,000  inches  (18  X 
1500  =  27,000).  The  sum 
of  the  distances  moved  by 
the  eight  pistons  of  an  eight-cylinder  engine,  then,  is  216,000 
inches  (8  x  27,000  =  216,000),  or  18,000  feet.  Stated  in 
another  way,  this  is  equivalent  to  a  single  force  of  175 


}5.4  %  power  used 
for  acceleration 

}7.1  %  power  used 
to  overcome  air 
resistance 
)  8.3  %  power  lost 
l  by  friction  in 
\  transmission, 

J  tires,  etc. 

1  5.6  %  power  lost 
f  by  friction  in 
engine 


„  35.8  %  power  lost 
r  in  cooling  system 


Fig.  211.  Even  a  Gasoline  Engine 
does  not  deliver  All  its  Potential 
Energy  as  Kinetic  Energy  to  the 
Wheels 

What  wastes  are  there  here?  How  do 
they  compare  with  those  shown  in  Fig. 
207?  May  any  of  them  be  overcome? 
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Fig.  212.  The  Power  of  an  Automobile  is  transferred  to  the  Wheels 
through  a  Succession  of  Gears  and  Levers 

This  diagram  shows  the  skeleton  of  a  car.  Can  you  trace  a 
stream  of  energy  from  the  engine  to  the  wheels  ? 


pounds  acting  through  this  distance  in  one  minute.  It  is 
easy  to  show  that  this  is  work  at  the  rate  of  3,150,000 
foot-pounds  per  minute  (18,000  X  175  =  3,150,000),  or 
about  95  horsepower  (3,150,000  -s-  33,000  =  95+).  Not 
all  this  power  is  really  delivered  to  the  crank  shaft.  Some 
is  lost  in  friction  and  in  other  ways,  as  you  can  see 
from  Fig.  211.  Such  an  engine  would  be  rated  at  about 
80  horsepower. 

The  ease  with  which  the  enormous  energy  from  gasoline 
may  be  controlled  in  a  gasoline  engine  is  evidence  of  man’s 
The  power  in  an  ability  as  an  inventor.  Study  Fig.  212. 
automobile  engine  The  engine  is  joined  to  the  drive  shaft  by 
wheelsbyTsuc-*  6  the  clutch  and  the  gear  box.  One  part  of 
cession  of  gears  the  clutch  is  attached  to  the  crank  shaft 
of  the  engine;  the  other  is  attached  to  the  clutch  shaft, 
which  connects  with  the  gears.  When  you  let  the  clutch 
pedal  up,  the  two  parts  fit  against  each  other  so  firmly 
that  the  parts  do  not  slip.  When  the  clutch  is  in,  it  con¬ 
nects  the  engine  with  the  clutch  shaft.  A  gear  wheel  on 
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the  end  of  the  clutch  shaft  fits  into  a  gear  wheel  in  the 
gear  box.  This  connection  is  shown  in  Fig.  214.  When  you 
push  the  clutch  pedal  down,  you  disconnect  the  two  parts 
of  the  clutch  and  in  this  way  disconnect  the  engine  and 
the  clutch  shaft.  The  engine  and  the  clutch  shaft,  then, 
are  disconnected  while  you  are  shifting  gears. 


Fig.  213.  The  Differential  in  the  Rear  Axle 
of  an  Automobile  transfers  the  Power  from 
the  Drive  Shaft  to  the  Rear  Wheels 

Why  are  these  gears  called  the  differential  gears  ? 

however,  allow  one  wheel  to  turn  independently  of  the 
other  wheel.  This  is  very  important,  for  in  going  around  a 
turn  one  wheel  must  travel  farther  than  the  other.  The 
gears  of  the  axle  are  joined  to  the  gears  of  the  drive  shaft 
in  such  a  way  that  the  drive  shaft  turns  about  four  and  a 
half  times  while  the  axle  turns  once.  The  mechanical  ad¬ 
vantage  of  the  gears  in  the  differential  is  therefore  4J. 

You  have  learned  in  a  previous  chapter  about  gears.  The 
mechanical  advantage  of  the  gears  in  the  gear  box  when  set 
in  low  may  be  3.  If  the  mechanical  advantage  of  the  gears 
in  the  differential  is  4|,  the  total  mechanical  advantage  is 


Power  is  carried 
from  the  gear  box  to 
another  set  of  gears 
in  the  rear  axle,  called 
the  differential  (see 
Fig.  213).  Since  power 
is  carried  to  the  rear 
wheels  through  the 
axle,  the  axle  must 
be  fixed  firmly  to  the 
wheels  and  turn  as 
the  wheels  turn.  The 
rear  wheels  do  not 
turn  on  their  axles  as 
do  the  front  wheels 
or  as  the  wheels  of  a 
buggy  turn.  The  ar¬ 
rangement  of  gears  in 
the  differential  does, 
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13  J  (3  X  4J  =  13J).  In  other  words,  the  force  from  the  ex¬ 
plosion  of  gasoline  in  the  cylinder,  if  there  were  no  friction, 
„  would  be  delivered  to  the  rear  axle  as  a 

cal  advantage  of  force  thirteen  and  a  halt  times  as  great  as 

the  driving  media-  ^he  force  against  the  piston  when  the  gears 
nism  is  about  13  y2  . 

are  set  m  Jow.  the  average  force  of 
175  pounds  from  the  explosion  of  gasoline  in  the  cylinder, 
then,  is  delivered  to  the  rear  axle  as  a  force  of  about  2360 
pounds  (175  X  13.5  =  2362.5).  A  car  rated  at  80  horse¬ 
power  would  probably  weigh  about  4000  pounds.  The  force 
that  would  be  delivered  to  the  rear  wheel,  if  there  were  no 
friction,  would  be  more  than  half  as  great  as  the  force  re¬ 
quired  to  lift  the  car  off  the  ground.  This  force  is  sufficient 
to  move  the  car  up  very  steep  hills. 

If  you  are  familiar  with  the  working  of  an  automobile, 
you  know  that  you  commonly  refer  to  the  shifting  of  gears 
from  first  into  second,  into  high,  and  into  reverse.  What 
do  you  mean?  If  you  could  look  into  the  gear  box  of  an 
automobile,  you  would  find  a  number  of  gears,  large  and 
small,  so  mounted  that  as  you  shift  them  the  relationship 
between  them  changes.  Study  the  diagrams  in  Fig  214.  As 
you  can  see,  when  the  engine  is  running  in  high,  the  clutch 
shaft  is  joined  directly  to  the  drive  shaft,  and  the  gears  in 
the  gear  box  are  not  used.  The  only  mechanical  advantage 
while  driving  in  high  is  the  mechanical  advantage  of  the 
differential.  This,  as  we  have  seen,  is  4J.  If  there  were  no 
friction,  a  force  of  175  pounds  against  the  piston  would  be 
delivered  to  the  rear  wheels  as  a  force  of  about  787  pounds 
(4£  X  175  =  787£). 

In  second  gear  the  mechanical  advantage  in  such  a  car 
is  about  7f.  The  driving  force  in  second  (neglecting  fric¬ 
tion)  is  therefore  about  1375  pounds. 

If  the  engine  is  running  at  three  thousand  revolutions 
per  minute,  the  wheels  may  turn  about  three  times  as 
fast  (this  figure  varies  in  different  cars)  when  geared  in 
high  as  when  geared  in  low,  but  the  force  delivered  to  the 
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Fig.  214.  The  Gears  of  an  Automobile  are  so  arranged  that  as  you  shift 
into  Different  Speeds  the  Relationship  of  the  Gears  to  Each  Other  changes. 

This  in  Turn  changes  the  Mechanical  Advantage  of  the  Gears 

Can  you  trace  changes  in  the  "line  of  power”  for  each  of  the  gear  shifts? 

wheels  will  be  but  one  third  as  great.  You  know  that  the 
car  moves  more  slowly  in  low,  and  you  know  that  when  run¬ 
ning  in  low  it  can  climb  a  steeper  hill  or  pull  a  heavier  load. 

The  parts  of  an  automobile  must  work  together ;  each 
part  must  perform  its  function  at  the  proper  instant.  If  the 
car  is  running  at  high  speed,  the  intake  valve  of  each 
cylinder  must  open  and  admit  gas  fifteen  hundred  times 
each  minute.  Not  only  must  the  valve  open,  but  it  must 
open  at  just  the  right  time,  namely,  just  at  the  instant  the 
piston  starts  downward  on  the  intake  stroke.  Similarly  the 
exhaust  valve  must  open  at  the  proper  instant  and  allow 
the  products  from  burning  gas  to  escape.  The  spark  must 
pass  across  the  spark  plug  just  as  the  piston  starts  down¬ 
ward  on  the  power  stroke.  The  timer  and  the  distributor 
are  instruments  for  controlling  the  spark,  and  these  are 
geared  to  the  crank  shaft  in  such  a  way  that  the  spark 
can  come  only  at  the  proper  instant. 
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The  moving  parts  of  an  automobile  are  constructed  so  as 
to  reduce  friction.  The  parts  are  fitted  together  with  great 
care  and  are  kept  well  lubricated.  The  tires  are  constructed 
in  such  a  way  that  there  is  as  much  friction  as  possible  be¬ 
tween  them  and  the  road.  As  the  car  moves  forward,  the 
force  from  the  explosion  in  the  cylinder  is  being  transferred 
through  levers  and  cogwheels  (the  cogwheels  are  really 
levers)  to  the  rear  axle  and  applied  in  such  a  way  that  it 
causes  the  wheels  to  turn  forward.  Friction  with  the  road 
prevents  them  from  slipping.  Thus  every  time  the  wheels 
turn  around,  the  car  is  moved  forward  a  distance  equal 
to  the  circumference  of  the  wheels. 


D.  How  do  the  Steam  Turbine  and  the  Diesel  Engine 
change  Energy  into  Power? 

If  you  were  to  visit  a  large  electric  power  plant,  you 
would  find  that  the  steam  engines  used  there  are  of  an 
entirely  different  type  from  the  one  we  described  in  connec¬ 
tion  with  the  locomotive.  The  steam  instead  of  being  used 
to  move  heavy  pistons  back  and  forth  in  cylinders  is  used 
to  spin  huge  turbine  wheels.  You  may  demonstrate  the 
principle  of  the  steam  turbine  by  the  simple  means  shown 
in  Fig.  215.  The  wheel  with  the  blades  may  be  cut  from 
a  piece  of  tin.  A  cork  with  a  darning  needle  through  it 
serves  as  an  axle. 

In  practice,  of  course,  the  steam  turbine  is  a  very  com¬ 
plex  piece  of  machinery  (Fig.  216).  The  blades  are  turned 
to  an  accurate  pitch  and  mounted  on  a 
rotating  wheel.  The  moving  parts  are  in- 
cl osed  in  a  case.  Steam  under  high  pressure 
issues  from  the  boiler  of  the  turbine  engine 
as  a  continuous  jet,  and  this  jet  strikes  against  the  blades, 
causing  the  turbine  wheel  to  spin  and  thus  pass  on  power. 

The  efficiency  of  the  steam-turbine  engine  is  greater  than 
that  of  an  engine  using  cylinders,  for  the  loss  of  energy  is 


A  steam  turbine  is 
a  more  efficient 
form  of  external- 
combustion  engine 


395 


Engines  and  Fuels 

less  than  in  the  cylinder  engine.  Steam  turbines  are  used 
to  drive  steamships,  not  only  because  they  are  more  efficient 
but  because  they  run  with  less  vibration.  The  generators 
in  electric  power  plants  too  are  commonly  run  by  steam 
turbines.  The  full  story  of  the  turbine  engine  is  too  complex 
to  discuss  here.  At 
this  point  in  your  work 
it  is  only  necessary  to 
recognize  the  steam- 
turbine  engine  as  a 
more  efficient  machine 
than  the  cylinder  en¬ 
gine  for  changing  the 
energy  of  steam  into 
power. 

The  steam  turbine 
represents  an  impor¬ 
tant  improvement  in 
the  external-combus¬ 
tion  engine.  It  has, 
in  fact,  revolution¬ 
ized  the  use  of  such 
engines.  Similarly  the 
Diesel  engine  repre¬ 
sents  a  new  type  of 
internal-combustion 
engine.  This  new  en¬ 
gine  has  recently  come  into  general  notice  because  it  is  the 
source  of  power  for  the  new  high-speed  trains.  The  Diesel 
is  an  internal-combustion  engine  which  ^  jy  \ 
burns  fuel  oil.  It  is  similar  to  the  gaso-  is  a  more6  efficient 


Fig.  215.  A  Simple  Laboratory  Experiment 
will  illustrate  the  Principle  of  a  Steam 
Turbine 

The  wheel  as  shown  at  the  right  is  made  of  pieces 
of  tin  set  into  slots  on  an  ordinary  spool 


form  of  internal- 
combustion  engine 


line  engine,  but  differs  from  it  in  that  the 
pressure  within  the  cylinders  of  the  Diesel 
is  much  greater  during  and  following  the  explosions.  Air  is 
admitted  to  the  cylinder  and  compressed  by  the  piston  to 
about  500  pounds’  pressure.  This  pressure  heats  the  air  to 
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Ewing  Galloway 

Fig.  216.  The  Modern  Steam  Turbine  is  a  Very  Complex  Piece 
of  Machinery 


This  rotating  wheel  fitted  with  blades  is  inclosed  in  a  case.  High-pressure 
steam  turns  the  wheel  at  great  speed 


about  600°  C.  Fuel  oil  is  sprayed  into  the  cylinder  from  a 
powerful  pump  while  the  hot  air  is  under  compression.  The 
temperature  within  the  cylinder  is  high  enough  to  ignite 
the  fuel  oil,  and  the  explosion,  or  power  stroke,  follows. 
Another  stroke  of  the  piston  clears  the  burned  gases  out 
of  the  cylinder.  Air  is  again  admitted,  and  the  cycle  is 
repeated.  No  spark  plug  is  used  in  a  Diesel  engine.  This 
engine  is  more  economical  than  the  gasoline  engine,  partly 
because  it  uses  a  much  cheaper  fuel. 

Some  extremely  careful  work  was  required  before  the 
principle  of  the  Diesel  engine  could  be  practically  applied. 
The  difficulty  hardest  to  overcome  was  to  make  a  device 
that  would  force  fuel  oil  into  the  cylinder  against  the  heavy 
pressure  of  the  compression  stroke. 
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E.  What  are  the  Characteristics  of  the  New 
High-Speed  Trains? 


Is  the  train  pictured  in  the  frontispiece  of  this  unit 
familiar  to  you?  On  its  first  trip  across  the  country  this 
train  was  observed  with  tremendous  interest,  not  only 
by  the  public  at  large  but  by  engineers.  To  many  people 
the  train  was  inter¬ 
esting  because  of  its 
novel  design,  its  many 
comforts,  and  its  high 
speed.  To  the  engi¬ 
neer  it  had  interest 
because  of  its  effi¬ 
ciency.  A  few  figures 
will  help  to  bring  this 
out. 

Consider  such  a 
train.  Even  the  ap¬ 
paratus  in  the  cab 
(Fig.  217)  seems  com¬ 
paratively  simple.  The 
power  plant,  includ¬ 
ing  Diesel  engine  and 
generator,  as  shown 
in  Fig.  218,  weighs  a 

little  less  than  15  tons.  The  entire  train,  including  the 
power  car,  weighs  when  fully  loaded  a  little  more  than  200 
tons,  or  about  two  thirds  the  weight  of 
the  engine  alone  in  a  steam  train.  The  ghlmdMw'ma- 
Diesel  engine  will  develop  900  horse-  terials  are  chang- 

„  .  .  ing  railroad  travel 

power,  or  sufficient  power  to  maintain  a 
speed  of  90  miles  per  hour.  On  its  first  trip  from  coast  to 
coast  this  train  averaged  a  little  under  60  miles  an  hour 
and  at  times  reached  a  speed  of  120  miles  an  hour.  It 
carries  enough  fuel  and  water  for  a  run  of  1200  miles.  The 


Union  Pacific 

Fig.  217.  Cab  of  a  New  High-Speed  Train 
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Union  Pacific 


Fig.  218.  The  Power  Plants  of  the  New  High-Speed  Trains  seem  Relatively 
Simple  when  compared  with  those  of  Steam  Locomotives 

Can  you  trace  the  way  in  which  fuel  oil  is  changed  into  energy  in  this 
Diesel  engine? 

six-car  train  may  carry  124  passengers  in  addition  to  mail, 
express,  and  baggage.  This  is  about  1.7  tons  of  load  for 
each  passenger.  How  does  this  compare  with  the  load 
carried  by  steam  trains  ?  And  the  operating  expense  ?  Well, 
on  the  first  trip  of  this  train  across  the  continent  it  averaged 
1  mile  on  1.6  gallons  of  fuel  oil,  costing  4  cents  a  gallon,  or 
a  total  of  about  $80  for  fuel  to  carry  it  across  the  continent. 
Railroad  men  say  this  train  is  revolutionary. 

And  now  let  us  come  to  our  final  question.  How  is  it 
possible  to  accomplish  these  improvements?  There  is  a 
saving  in  weight.  Aluminum  alloy  and  steel  of  the  same 
dimensions  have  about  the  same  tensile  strength.  The 
density  (which  determines  weight)  of  aluminum  is  only 
about  one  third  the  density  of  steel.  The  efficiency  of  the 
Diesel  engine  is  just  about  five  times  the  efficiency  of  the 
steam  locomotive.  With  less  load  to  move  and  a  more 
efficient  engine  the  saving  in  fuel  is  very  great. 
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Union  Pacific 

Fig.  219.  Streamlining  reduces  Air  Resistance 


Streamlining  also  contributes  to  efficiency.  Notice  the 
picture  of  the  train  at  the  right  in  Fig.  219.  Contrast  this 
with  the  train  at  the  left.  The  nose  and  the  tail  of  the  new 
train  are  rounded,  so  that  the  train  slips  through  the  air 
with  the  least  possible  disturbance. 

As  one  studies  this  new  train,  one  cannot  help  but  con¬ 
trast  the  first  practical  railroad  train  and  the  stagecoach. 
Does  the  new  train  usher  in  a  development  in  railroading 
comparable  to  the  development  of  the  first  twenty-five 
years  of  steam  railroading  ? 


An  engine  is  a  machine  which  changes  the  potential  energy 
of  fuel  into  kinetic  energy.  Engines  may  be  classified  as  of 
two  types:  the  external-combustion  engine  and  the  internal- 
combustion  engine.  Improvements  made  in  these  engines, 
combined  with  new  uses  of  materials,  are  changing  many  of 
man’s  uses  of  energy. 
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Can  You  Answer  these  Questions? 

1.  What  is  the  essential  difference  between  an  internal-com¬ 
bustion  engine  and  an  external-combustion  engine  ? 

2.  Can  you  trace  the  cycle  by  which  the  potential  energy  of 
coal  or  oil  is  changed  to  kinetic  energy  in  a  steam  engine  ? 

3.  What  are  some  essential  differences  between  a  Diesel  en¬ 
gine  and  other  types  of  internal-combustion  engines  ?  What  ad¬ 
vantages  has  it  over  other  types  of  engines  ? 

4.  What  figures  are  used  for  force  and  distance  in  figuring 
the  horsepower  of  a  steam  locomotive  ? 

5.  How  are  the  principles  of  a  lever  applied  in  carrying  force 
from  the  piston  to  the  drive  wheel  of  a  locomotive  ? 

6.  Why  do  we  say  that  the  development  of  the  steam  engine 
has  had  an  important  effect  upon  the  economic  lives  of  people  ? 

7.  What  figures  are  used  for  force  and  distance  in  figuring 
the  horsepower  of  a  four-cycle  engine  ? 

8.  How  is  the  horsepower  of  an  automobile  engine  figured  ? 

9.  Can  you  trace  the  "power  line”  of  an  automobile  from  the 
gasoline  in  the  tank  to  the  rear  wheels  ? 

10.  How  does  the  mechanical  advantage  of  the  gears  in  the 
transmission  of  an  automobile  change  as  the  gears  are  shifted? 

11.  What  is  the  difference  between  the  way  steam  is  used  in  a 
turbine  and  the  way  it  is  used  in  a  steam  engine  ? 

12.  What  are  the  chief  differences  between  the  new  stream¬ 
line  trains  and  the  older  types?  How  do  these  improvements 
increase  efficiency  ? 

Questions  for  Discussion 

1.  Why  does  an  efficient  automobile  engine  need  more  than 
one  cylinder  ?  Do  you  think  the  number  of  cylinders  has  any  re¬ 
lation  to  the  comfort  of  the  passengers  in  the  car?  Is  there  a 
relation  between  number  of  cylinders  and  efficiency  of  the  engine  ? 

2.  Why  is  an  internal-combustion  engine  more  efficient  than 
an  external-combustion  engine  ? 

3.  Why  do  the  new  streamline  trains  use  Diesel  engines 
rather  than  gasoline  engines  ? 
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4.  Are  automobile  trucks  as  efficient  as  freight  trains  for  the 
transportation  of  most  goods? 

5.  What  advantages  and  disadvantages  are  there  in  the  use 
of  coal  as  fuel  for  railroad  engines  ?  fuel  oil  ?  gasoline  ? 

6.  Do  you  think  it  would  add  to  its  efficiency  if  a  steam  loco¬ 
motive  were  built  with  more  than  two  cylinders  ?  Have  such  en¬ 
gines  been  built  ? 

7.  Do  you  think  it  would  be  possible  for  an  engineer  to  build 
a  locomotive  or  an  automobile  which  wyould  have  exactly  the 
horsepower  that  he  had  decided  on?  What  are  some  of  the 
factors  he  would  have  to  consider  ? 

8.  At  one  time  some  automobiles  were  run  with  steam  engines. 
Do  you  think  there  were  any  advantages  in  this?  What  were 
some  of  the  disadvantages  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  There  are,  of  course,  many  good  books  about  railroading. 
You  might  look  up  Carter’s  When  Railroads  were  New ,  Holland’s 
Historic  Railroads ,  or  Van  Metre’s  Trains ,  Tracks ,  and  Travel . 
If  you  want  to  know  about  the  pony  express,  look  up  Chapman’s 
book  The  Pony  Express. 

2.  Find  the  story  of  some  famous  racing  car,  such  as  Campbell’s 
Bluebird ,  and  see  if  you  can  discover  how  this  car  differs  from 
the  standard  automobile  in  terms  of  power,  engine  design,  fuel, 
or  methods  of  steering. 

3.  This  country  is  not  alone  in  its  famous  trains.  We  have 
such  trains  as  the  Twentieth  Century,  the  Broadway  Limited,  the 
Chief,  the  Capital  Limited,  the  Black  Diamond  Express,  the  Em¬ 
pire  Builder,  the  Crescent  Limited,  the  North  Coast  Limited,  the 
Olympian,  the  Texas  Special,  and  the  Continental  Limited  among 
others.  Some  famous  European  trains  include  the  Flying  Scots¬ 
man,  the  Paris  Express,  and  the  Trans-Siberian  Express.  Make  a 
study  of  some  of  these  trains  and  see  which  makes  the  fastest  time, 
which  is  the  best  equipped,  and  which  runs  the  longest  distance. 

4.  Find  figures  which  will  illustrate  the  growth  of  railroads  in 
this  country.  Prepare  graphs  from  these  figures. 

5.  Find  similar  figures  illustrating  the  growth  of  the  automobile 
industry. 


Chapter  XIX  •  How  does  an  Airplane 
use  Energy? 


THE  WESTERN  UNION 
TELEGRAPH  COMPANY 
VIA  NORFOLK,  VA. 

176  C  KA  CS  33  PAID 
KITTY  HAWK  N  C  DEC  17 
BISHOP  M  WRIGHT 
7  HAWTHORNE  ST 

SUCCESS  FOUR  FLIGHTS  THURSDAY  MORNING  ALL  AGAINST 
TWENTY  ONE  MILE  WIND  STARTED  FROM  LEVEL  WITH 
ENGINE  POWER  ALONE  AVERAGE  SPEED  THROUGH  AIR 
THIRTY  ONE  MILES  LONGEST  57  SECONDS  INFORM  PRESS 
HOME  CHRISTMAS  ORVILLE  WRIGHT  525P 


Fig.  220.  The  Telegram  announcing  the  First  Flight  of  the  Wright 
Brothers,  sent  by  Orville  Wright1 


On  December  17,  1903,  Orville  Wright  sent  to  his  father 
in  Dayton,  Ohio,  the  telegram  which  is  reproduced  as 
Fig.  220.  Newspapers  immediately  carried  the  news  to  the 
world.  This  was  the  first  notice  to  the  general  public  of  the 
successful  flight  by  a  heavier-than-air  machine  carrying  a 
gasoline  motor  and  pilot.  In  an  interview  for  the  press  in 
1908  Wilbur  Wright  was  asked  if  he  thought  an  airplane 
would  ever  fly  the  ocean.  He  replied  that  he  did  think  so, 
but  that  he  thought  it  could  not  be  done  by  a  plane  fitted 
with  a  gasoline  motor ! 

1  From  The  Wright  Brothers ,  Fathers  of  Flighty  by  John  R.  McMahon. 
Courtesy  of  Little,  Brown  and  Company,  publishers. 
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Wide  World 

Fig.  221.  Mr.  Orville  Wright  comparing  a  Model  of  his  First  Plane  with  a 
Model  of  a  Plane  built  Thirty-one  Years  Later 


It  is  only  a  little  more  than  thirty  years  since  the  Wright 
brothers  made  the  first  airplane  capable  of  flight  and  power¬ 
ful  enough  to  carry  a  man.  Their  crude  machine  together 
with  the  pilot  weighed  750  pounds.  It  was  driven  by  a  gaso¬ 
line  motor  of  12  horsepower.  The  plane  was  built  at  Day- 
ton,  Ohio,  but  the  test  flight  was  made  on  a  deserted  sandy 
beach  near  Kitty  Hawk,  North  Carolina,  on  December  17, 
1903.  Fig.  221  shows  a  recent  picture  of  Orville  Wright 
comparing  a  model  of  this  first  plane  and  a  model  of  a  plane 
built  some  thirty-one  years  later. 

The  successes  of  the  Wright  brothers  were  the  result  of 
experiments  carried  on  through  several  years.  These 
brothers  were  not  the  first  to  experiment 
with  flight  in  machines  heavier  than  air. 

Nor  was  their  machine  the  first  to  rise  off 
the  ground  by  its  own  power.  If  you  study 
the  history  of  the  airplane,  you  will  be  surprised  to  learn 
how  much  had  been  done  before  the  time  of  the  Wright 


The  development 
of  the  airplane  is 
comparatively 
recent 
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Smithsonian  Institution 


Fig.  222.  Airplane  Models  powered  with  Steam  Engines  were  flown  suc¬ 
cessfully  before  the  Opening  of  the  Twentieth  Century 

This  old  photograph  shows  Langley’s  steam-driven  model  in  flight  over 
the  Potomac  River  in  1896 

brothers.  Several  successful  gliders  had  been  made.  Their 
plane  was,  however,  the  first  to  fly  and  carry  a  pilot. 

Small  models  driven  by  simple  compressed-air  motors 
had  been  demonstrated  as  early  as  1848.  Models  powered 
with  steam  engines  were  successfully  demonstrated  as 
early  as  1893.  In  1896  Langley  built  a  steam-driven  ma¬ 
chine  weighing  twenty-six  pounds.  This  one  flew  by  its 
own  power  and  continued  in  flight  for  about  one  and  one- 
half  minutes.  It  is  shown  in  Fig.  222.  In  1903  Langley  ex¬ 
perimented  with  an  airplane  designed  to  carry  a  pilot,  but 
his  efforts  were  not  successful. 

The  first  flights  at  Kitty  Hawk  were  the  beginning  of 
a  great  industry.  On  the  day  following  this  important  oc¬ 
casion  the  crude  machine  was  boxed  up  and  returned  to 
Dayton,  Ohio,  where  the  Wrights  continued  their  experi- 
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Smithsonian  Institution 


Fig.  223.  The  First  Flight  across  the  English  Channel  in  an  Airplane  was 
made  by  Louis  Bleriot  in  1909 

Do  you  think  that  Bleriot  might  accurately  be  called  a  brave  man  ? 

ments.  Improvements  now  came  rapidly.  In  1905  Wilbur 
Wright  flew  for  thirty-eight  minutes  over  a  distance  of 
about  24  miles.  This  was  in  Dayton.  In  1908  the  Wrights 
returned  to  Kitty  Hawk  to  take  further  observations  on 
newly  developed  steering  apparatus.  Up  to  this  time, 
however,  the  Wrights  had  worked  secretly,  and  the  world 
knew  but  little  of  what  they  had  done. 

It  was  about  1908  that  competition  for  new  records  be¬ 
gan.  During  this  year  Wilbur  Wright  flew  with  a  passen¬ 
ger.  In  1909  a  Frenchman  (Louis  Bleriot)  flew  across  the 
English  Channel.  Fig.  223  shows  Bleriot  on  his  historic 
flight.  Ten  years  later  (1919)  Alcock  and  Brown  flew  the 
Atlantic  from  Newfoundland  to  Ireland.  In  1927  Lind¬ 
bergh  flew  from  New  York  to  Paris. 

In  1934  Sir  Charles  Kingsford-Smith  with  a  companion 
flew  from  Brisbane  in  Australia  to  Oakland,  California,  a 
distance  of  7365  miles,  with  but  two  stops.  He  stopped  first 
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Fig.  224.  Modern  Aerial  Navigation  depends  upon  Accurate  Instruments 

This  map  shows  the  course  taken  by  Kingsford-Smith  and  his  companion  in 
their  1934  flight  across  the  Pacific  Ocean  from  Australia  to  California.  How 
do  you  think  they  kept  on  a  straight  path  ? 

at  Suva,  Fiji  Islands,  and  next  at  Honolulu.  How  did  he 
find  his  way,  and  how  did  he  keep  from  getting  lost  in  that 
broad  expanse  of  the  Pacific  Ocean?  In 
better  aids  to  comparison  with  the  area  of  the  earth 

navigation  has  these  tiny  islands  seem  nothing  more  than 

helped  aviation  .  J  J  .  . .  .  ^ 

points  set  m  the  vast  ocean.  By  means 
of  instruments  this  skillful  aviator  set  out  on  a  straight 
line  toward  his  destination.  His  reckoning  was  so  accurate 
that  he  hit  squarely  upon  his  goal  without  turning  from 
his  line  of  flight.  Fig.  224  shows  the  path  along  which 
Sir  Charles  flew.  It  is  a  fine  degree  of  control  that  enables 
man  to  achieve  this  success.  And  this  has  come  within 
thirty-one  years  after  the  first  flight ! 
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Ewing  Galloway 


Fig.  225.  The  Modern  Passenger  and  Mail  Plane  is  a  Far  Different  Machine 
from  that  used  by  the  Wright  Brothers  or  by  Bleriot 

At  any  large  airport  a  great  number  of  machines  similar  to  the  one  shown  here 
arrive  and  leave  on  regular  schedule 


A.  How  does  the  Propeller  exert  a  Pulling  Force? 

If  you  have  ever  visited  an  airport  in  a  large  American 
city,  you  have  seen  planes  such  as  the  one  in  Fig.  225  carry¬ 
ing  passengers  and  mail,  coming  and  leaving  on  regular 
schedule.  These  planes  may  be  powered  with  engines  rang¬ 
ing  from  100  horsepower  upward.  A  large  passenger  plane 
equipped  for  fifteen  passengers  has  two  engines,  each  of 
710  horsepower.  One  of  the  largest  passenger  planes  is 
equipped  with  four  engines  capable  of  developing  a  total 
of  3000  horsepower.  This,  as  you  may  recall,  is  about  equal 
to  the  power  developed  in  the  steam  locomotives  used  to 
pull  heavy  trains. 

Suppose  you  were  to  examine  one  of  these  planes  with 
care.  Here  is  a  plane  with  one  engine  of  575  horsepower. 
With  its  normal  load  it  weighs  about  6000  pounds.  The 
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engine,  working  against  air  pressure,  may  lift  this  load  off 
the  ground  in  a  few  seconds.  The  plane  may  climb  at  the 
rate  of  1100  feet  per  minute  (faster  than  the  fastest  eleva¬ 
tor)  and  fly  with  a  speed  of  more  than  200  miles  per  hour. 

The  propeller  of  this  plane  is  10  feet  long.  The  total 

area  of  the  surfaces 
of  the  blades  is  about 
2400  square  inches. 
The  total  air  pressure 
on  this  surface  at  sea 
level  is  equal  to 
about  36,000  pounds 
(15  X  2400  =  36,000). 
When  the  propeller  is 
stationary,  this  pres¬ 
sure  is  uniformly  dis¬ 
tributed.  With  the 
engine  at  full  speed, 
the  propeller  under 
36,000  pounds  of  pres¬ 
sure  cuts  into  the  air 
like  a  screw.  The  pow¬ 
erful  engine  whirls  the 
propeller  1950  revolu¬ 
tions  per  minute.  At 
this  speed  the  air  pres¬ 
sure  against  the  rear 
surface  of  the  propel¬ 
ler,  just  before  the  plane  begins  to  move,  is  about  3000 
pounds  greater  than  on  the  front  surface.  In  other  words, 
the  forward  thrust  is  3000  pounds. 

Now  let  us  watch  this  plane  start.  In  preparation  the 
pilot  tests  and  warms  his  engine.  During  this  process  the 
wheels  are  blocked  so  that  the  plane  cannot  move  forward. 
When  the  pilot  runs  his  engine  at  full  speed,  the  force  of 
3000  pounds  pushes  against  the  air  and  causes  a  strong 


Fig.  226.  The  Propeller  of  an  Airplane  cuts 
into  the  Air  like  a  Screw  moving  into  a  Nut 

A,  a  bolt  and  nut.  Can  you  find  the  pitch  of 
the  screw?  B,  a  side  view  of  an  airplane  pro¬ 
peller.  C,  a  diagram  showing  how  the  theo¬ 
retical  pitch  and  the  actual  pitch  differ.  The 
actual  pitch  is  the  distance  the  plane  moves 
in  one  revolution  of  the  propeller 
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current  of  air  to  flow  toward  the  rear.  If  you  stand  behind 
the  plane,  you  must  hold  your  hat  tightly ;  else  it  will  be 
blown  away.  When  all  is  ready,  the  blocks  are  removed 
from  in  front  of  the  wheels,  and  the  pilot  again  speeds  up 
his  engine.  Now  the  forward  thrust  due  to  difference  in 
pressure  between  the  rear  surface  and  the  front  surface 
of  the  propeller  causes  the  plane  to  move  forward.  This 
forward  pull  causes  a  rapid  acceleration  in  the  speed  of  the 
plane.  In  a  few  seconds  the  plane  will  be  moving  forward 
at  a  speed  of  60  miles  per  hour.  At  about  this  speed  the 
wheels  leave  the  ground. 

In  England  a  propeller  is  called  an  air  screw.  The  pro¬ 
peller  cuts  into  the  air  like  a  screw  moving  into  a  nut.  This 
is  shown  in  Fig.  226.  The  screw  propeller 
of  a  boat  works  on  the  same  principle.  peller  works  on 
Since  the  nut  is  solid,  one  turn  of  the  screw  the  same  principle 
carries  the  screw  into  the  nut  a  distance 
equal  to  the  distance  between  two  threads.  A  bolt  (Fig. 
226,  A)  may  have  twelve  threads  to  the  inch.  In  this  case 
the  pitch  of  the  screw  is  one  twelfth  of  an  inch,  for  the  nut 
moves  on  the  bolt  one  twelfth  of  an  inch  for  every  com¬ 
plete  turn.  The  air  screw,  or  propeller,  cuts  into  the  air  in 
the  same  way ;  but  the  air  is  not  solid  like  the  wood  or  the 
metal  nut,  and  some  of  the  air  slips  past  it. 


B.  What  is  the  Horsepower  of  an  Airplane  Engine? 

The  theoretical,  or  supposed,  pitch  of  a  propeller  is  the 
distance  the  propeller  would  move  forward  if  it  were 
screwed  into  a  solid  substance.  The  The  pitch  of  the 
actual ,  or  real,  pitch  is  the  distance  it  propeller  has  a 

,  p  i  i  i  .  definite  relation  to 

does  move  forward  when  the  plane  is  m  the  possible  speed 
flight  in  still  air.  Fig.  226,  C,  may  help  of  an  airplane 
to  explain  this.  The  actual  pitch  takes  into  account  the 
fact  that  air  slips  past  the  blades.  Engineering  principles 
have  shown  that  the  theoretical  pitch  of  a  propeller  should 
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be  about  four  fifths  of  its  length.  The  length  is  the  diameter 
of  the  circle  in  which  the  propeller  turns.  If  the  length  is 
10  feet,  the  theoretical  pitch  is  8  feet  (f  X  10  =  8).  One 
turn  of  this  propeller,  then,  if  there  were  no  air  slip,  would 
move  the  plane  forward  through  a  distance  of  8  feet.  A 
propeller  of  these  dimensions  would  be  mounted  on  an 
engine  that  would  turn  at  the  rate  of  1950  revolutions  per 
minute  when  the  plane  is  in  flight.  If  there  were  no  air 
slip,  this  propeller  would  carry  the  plane  forward  15,600 
feet  in  one  minute  (8  X  1950  =  15,600).  Because  air  slips 
through  the  propeller,  the  airplane  would  really  travel 
about  75  per  cent  of  this  distance,  or  11,700  feet,  in  one 
minute.  This  is  a  speed  of  about  133  miles  per  hour 

(— =  would  tell  you  that  the 

cruising  speed  of  this  plane  is  about  140  miles  per  hour. 
The  greatest  speed  is  about  165  miles  per  hour. 

A  forward  pull  of  about  3000  pounds  is  used  to  start 
on  the  ground  a  plane  weighing  6000  pounds.  A  con¬ 
tinuous  pull  of  about  1000  pounds  is  required  to  keep  it 
moving  through  the  air  at  a  speed  of  133  miles  per  hour. 
These  figures  furnish  a  basis  for  understanding  the  horse¬ 
power  requirements  of  the  engine.  The  work  done  in  one 
minute  is  equivalent  to  a  force  of  1000  pounds  moving 
through  15,600  feet.  This  is  work  at  the  rate  of  about 

A  nr,  ^  /1000  X  15,600  _  479  4_\  A  .  r 

473  horsepower  ( - ^  qqJ - An  engine  of 

575  horsepower  delivers  about  475  horsepower  to  the  propel¬ 
ler.  The  remainder  (about  one  fifth)  is  lost  in  friction 
within  the  engine. 

Because  of  the  high  speed  at  which  it  turns,  the  pro¬ 
peller  is  under  an  enormous  strain.  One  of  the  difficult 
problems  in  airplane  construction  has  been  to  make  a 
propeller  that  is  strong  enough  to  stand  this  strain.  The 
tips  of  a  propeller  10  feet  in  diameter  turn  through  a  dis¬ 
tance  of  about  31.5  feet  during  one  revolution.  Turning 
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at  1950  revolutions  per  minute,  the  tips  move  through  a 
distance  of  61,425  feet,  or  nearly  12  miles,  in  one  minute. 
This  is  more  than  1000  feet  in  one  second,  almost  as  fast 
as  sound  travels  through  air  (about  1100  feet  per  second). 

This  plane  weighing  about  6100  pounds  will  burn  about 
30  gallons  of  gasoline  per  hour  and  will  travel  about 
150  miles.  How  does  this  compare  with 
the  amount  of  fuel  used  in  an  automobile 
of  the  same  weight  ?  A  light  plane  with  an 
engine  of  100  horsepower  will  use  5  gallons 
per  hour  and  will  travel  about  100  miles. 

A  plane  and  an  automobile  of  equal  loads,  then,  give  about 
equal  mileage  for  gasoline  used,  but  of  course  the  plane  is 
faster. 


The  amounts  of 
gasoline  used  by 
an  airplane  and  by 
an  automobile  are 
about  equal  for 
equal  loads 


C.  What  is  the  Force  that  lifts  a  Plane  off  the  Ground? 

You  must  examine  the  wings  to  learn  why  the  airplane 
leaves  the  ground.  You  may  see  that  the  wings  are  slightly 
curved  and  that  they  slope  gradually  toward  the  rear  of 
the  plane.  When  the  plane  is  at  rest  on  the  ground,  the  air 
pressure  of  15  pounds  per  square  inch,  or  2160  pounds  per 
square  foot,  is  distributed  uniformly  over  the  whole  surface. 
When  the  plane  is  in  motion,  the  pressure  is  not  uniform 
over  the  whole  surface.  As  it  moves  forward,  air  is  forced 
away  from  the  top  surface  of  the  wings. 

As  the  speed  increases,  the  pressure  on 
the  top  surface  becomes  continually  less 
than  2160  pounds  per  square  foot.  Fig. 

227  shows  how  the  pulling  forces  and  the 
lifting  forces  of  an  airplane  are  distrib¬ 
uted  while  the  plane  is  in  flight.  The  forward  thrust  of  the 
propeller  is  about  1000  pounds.  The  area  of  the  plane  sur¬ 
face  in  one  airplane  of  575  horsepower  and  weighing  about 
6000  pounds  is  313  square  feet.  The  average  lifting  force  per 
square  foot  is  therefore  about  19  pounds  (6000  313  =  19  +). 


The  difference  in 
air  pressure  on  the 
upper  and  the 
lower  surface  of 
the  wings  supports 
the  airplane  in  the 
air 
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Average  air  pressure :  on  upper  surface ; 
2146.7  lb.  per  square  foot;  on  lower  surface , 
2165.7 lb.  per  ,  ,  t 
square  foot  _  + 


Thrust 

imib. 


19  lb.  per  square  foot  <  difference 
in  pressure )  X  313.3  sq.  ft.  ( area ) 
60001b.  ( weight ) 


Fig.  227.  When  an  Airplane  is  in  Motion,  Air  Pressure  is  not  Uniform  over 
the  Whole  Surface 


Under  ordinary  conditions  about  70  per  cent  of  the  lifting 
force  comes  from  the  decrease  in  air  pressure  on  the  upper 
surface  of  the  wing,  and  about  30  per  cent  comes  from  the 
increase  in  pressure  on  the  undersurface.  The  decrease  in 
pressure  on  the  upper  surface  is  about  13.3  pounds  per 
square  foot  (0.70  X  19  =  13.3).  The  increase  in  pressure 
on  the  undersurface  is  about  5.7  pounds  per  square  foot 
(0.30  X  19  =  5.7).  Suppose  that  air  pressure  is  just  2160 
pounds  per  square  foot.  When  this  airplane  is  in  flight,  the 
average  pressure  on  the  top  surface  of  the  wings  will  be 
2146.7  pounds  per  square  foot  (2160  —  13.3  =  2146.7).  The 
average  pressure  on  the  undersurface  will  be  2165.7 
pounds  per  square  foot.  The  difference  in  pressure  of 
19  pounds  per  square  foot  carries  the  plane  in  the  air.  The 
two  forces  acting  upon  an  airplane  to  keep  it  in  the  air 
have  their  origins  in  the  gasoline  that  is  burned  in  the 
cylinders  of  the  engine.  One  of  these  forces  acts  as  a  pull 
that  moves  the  airplane  forward.  The  other  acts  as  a 
push  against  the  undersurface  of  the  wings  and  lifts  the 
plane  off  the  ground. 
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Fig.  228.  An  Airplane  is  steered  by  the  Application  of  Devices  which 
change  the  Air  Pressure  on  Various  Parts  of  the  Plane 

See  if  you  can  explain  how  the  steering  is  done  by  means  of  the  instruments 
shown  in  the  diagram 1 


D.  How  is  Direction  of  Flight  Controlled? 

The  main  features  with  which  the  pilot  controls  an  air¬ 
plane  in  flight  are  the  elevator  on  the  tail,  the  two  ailerons 
(one  on  each  wing),  and  the  rudder.  These  are  shown  in 
Fig.  228.  By  lowering  or  raising  the  elevator  the  plane  is 
made  to  go  higher  or  lower.  When  the  elevators  are  raised, 
the  air  strikes  against  the  top  surface  and  forces  the  tail 
downward.  As  the  tail  is  lowered,  the  nose  of  the  plane 
must  turn  upward.  With  the  nose  pointed  upward  the 
plane  rises.  When  the  elevator  is  lowered,  the  air  strikes 
against  its  undersurface  in  such  a  way  that  the  tail  is 
raised.  This  causes  the  nose  of  the  plane  to  point  down¬ 
ward.  With  the  nose  pointing  downward  the  plane  moves 
toward  the  earth.  When  the  vertical  rudder  is  turned  to 
the  left,  the  air  strikes  it  in  such  a  way  that  the  air  forces 
the  tail  to  the  right.  This  causes  the  plane  to  turn 
toward  the  left.  When  the  rudder  is  turned  toward  the 
right,  the  air  causes  the  plane  to  move  toward  the  right. 

1  From  Skycraft,  by  Augustus  Post.  Courtesy  of  Oxford  University 
Press,  publishers. 
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The  operation  of  the  ailerons  is  not  quite  so  simple  as 
the  operation  of  the  elevator  and  the  rudder.  When  the 
airplane  is  turned,  it  must  be  banked  to 
keep  it  from  skidding  and  turning  over. 
For  turning  to  the  left  the  right  wing  must 
be  raised  and  the  left  wing  lowered.  This 
raising  or  lowering  of  the  wings  is  accom¬ 
plished  by  means  of  ailerons.  In  turning 
to  the  left  the  right  aileron  is  lowered  so 
that  air  strikes  with  greater  force  against  its  lower  surface. 
At  the  same  time  the  left  aileron  is  raised  so  that  air 
strikes  with  less  force  against  its  lower  surface.  This 
causes  the  left  wing  to  go  lower.  At  the  same  time,  of 
course,  the  right  wing  goes  higher.  In  this  manner  the 
plane  is  banked  as  it  swings  along  a  circular  path. 


The  control  of  an 
airplane  in  flight 
is  accomplished  by 
mechanisms  which 
change  the  air 
pressure  to  which 
various  parts  of 
the  plane  are  sub¬ 
jected 


E.  How  Fast  may  we  Travel? 

The  speed  at  which  an  airplane  may  travel  depends  upon 
the  manner  in  which  it  is  constructed  and  the  horsepower 
of  its  engine.  Planes  used  for  carrying  passengers  travel 
at  speeds  between  150  and  200  miles  per  hour.  They  can 
carry  between  15  and  25  pounds  of  weight  for  every  square 
foot  of  wing  space.  One  horsepower  will  carry  about 
10  to  12  pounds.  The  fastest  planes  carry  the  largest  load 
per  square  foot  and  the  least  load  per  horsepower.  In  other 
words,  the  faster  planes  have  higher-powered  engines  and 
smaller  wing  surfaces  per  load  than  the  planes  that  move 
more  slowly. 

The  airplane  is  the  fastest  machine  yet  constructed.  An 
airplane  powered  with  a  motor  of  3500  horsepower  has 
flown  on  a  straight  course  as  fast  as  440  miles  per  hour, 
or  more  than  7  miles  in  one  minute.  It  is  hard  to  imagine 
how  it  would  feel  to  travel  so  fast.  A  pilot  could  not  ride 
at  this  speed  in  an  open  cockpit,  for  he  would  be  killed  by 
the  force  of  the  air  pressure  against  his  body.  If  he  were 
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Fig.  229.  Streamlining  of  Planes  increases  their  Speed 
This  plane  holds  a  world’s  speed  record 


to  extend  his  hand  outside  the  cockpit,  the  force  of  air 
pressure  against  the  flat  surface  would  be  about  90  pounds 
per  square  inch.  Applied  against  the  palm  of  the  hand  and 
the  open  fingers,  this  would  be  a  total  pressure  of  about 
2000  pounds.  This  pressure  would  certainly  break  the 
bones  in  the  hand.  Of  course  the  plane  was  streamlined 
so  that  no  flat  surfaces  were  exposed  to  catch  the  wind. 
The  plane  cut  through  the  air  with  the  least  possible  re¬ 
sistance.  Such  a  streamlined  plane  is  shown  in  Fig.  229. 
If  the  pilot  were  to  turn  the  plane  from  a  straight  line 
while  traveling  at  this  speed,  the  change  in  direction  would 
interfere  seriously  with  the  circulation  of  his  blood.  Cen¬ 
trifugal  force  would  carry  so  much  of  the  blood  to  the  side 
of  his  body  that  was  on  the  outside  of  the  turn  that  he 
would  probably  lose  consciousness.  He  would,  however,  ride 
in  comfort  so  long  as  he  continued  in  a  straight  line.  It  has 
been  predicted  that  stratosphere  planes  may  sometime  be 
constructed  that  will  fly  through  the  upper  air  as  fast  as 
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500  or  more  miles  per  hour.  If  such  planes  are  ever  made, 
the  courses  along  which  they  fly  must  be  straight  lines; 
else  the  human  body  could  not  live  through  the  experience. 

As  you  review  the  progress  of  mankind  in  control  and 
use  of  energy  for  transportation,  you  may  ask  what  the 
future  holds  in  store.  May  we  expect  further  increases 
in  speed  of  trains,  automobiles,  and  airplanes?  As  we  an¬ 
ticipate  the  future,  we  must  make  predictions.  But  pre¬ 
dictions  are  made  on  the  basis  of  what  is  known  at  the 
present  and  are  frequently  in  error.  When  Wilbur  Wright 
made  his  prediction  (in  1908)  about  the  future  of  airplanes, 
he  did  not  imagine  that  the  small  engine  furnishing  power 
for  his  plane  would  develop  into  the  powerful  engines  of 
today.  An  equally  inaccurate  prediction  was  made  by 
Lord  Kelvin  (a  famous  British  scientist  born  in  1824) 
when  he  said  that  no  steamship  could  ever  cross  the  ocean 
because  the  weight  of  the  coal  required  to  drive  it  would 
sink  the  ship. 

The  greatest  speed  ever  reached  on  the  ground  is  276 
miles  per  hour.  This  was  made  by  the  racing  car  shown 
T  in  Fig.  230,  at  Daytona  Beach,  Florida. 

It  seems  impossi- 

ble  for  any  form  of  May  we  expect  regular  cars  to  travel  so 
!onadch7evePtheati0n  fast?  It  does  not  seem  likely.  The  racing 
speeds  reached  by  car  was  built  to  race  for  just  one  minute 
air  transportation  ancj  a  ka]f#  strain  on  the  machinery 

was  so  great  it  would  certainly  have  broken  down  before 
fifteen  minutes.  At  245  miles  per  hour  the  wheels  made 
2300  revolutions  per  minute.  Heavy  tires  such  as  those 
used  on  ordinary  cars  would  have  been  flung  off  by  cen¬ 
trifugal  force.  The  light  tires  used  on  the  car  would  not 
stand  up  for  more  than  four  minutes.  The  tail  of  the  car 
was  constructed  to  hold  it  on  the  ground  and  to  keep  it  in 
its  course.  Only  a  little  change  from  a  straight  line  would 
probably  throw  the  car  out  of  control.  It  hardly  seems  likely 
that  the  speed  on  the  open  road  can  ever  increase  very 
much  over  what  it  is  now. 
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Fig.  230.  This  Streamlined  Car  made  a  Speed  of  276  Miles  Per  Hour 

It  was  driven  by  Sir  Malcolm  Campbell,  an  Englishman,  and  was  called 
the  Bluebird 

The  new  streamlined  trains  will  certainly  increase  the 
rate  of  travel  by  rail.  Some  of  the  obstacles  preventing  in¬ 
creases  in  speed  of  automobiles  do  not  apply  when  wheels 
are  made  to  run  on  rails.  Train  speeds  up  to  at  least 
150  miles  an  hour  seem  reasonably  possible. 

May  we  expect  the  airplane  record  for  racing  speed  ever 
to  become  common?  It  seems  likely  that  we  may.  The 
time  is  probably  not  far  distant  when  airplanes  will  fly 
through  the  stratosphere  at  an  altitude  of  possibly  50,000 
feet.  At  this  altitude  air  is  but  one  ninth  as  dense  as  at 
sea  level  (Fig.  173,  p.  318),  and  in  this  thin  air  airplanes  can 
certainly  travel  very  much  faster  than  they  can  travel  in 
the  denser  air  near  the  earth. 

What  further  controls  must  be  achieved  to  make  such 
flight  possible  ?  The  oxygen  in  this  thin  air  is  not  sufficient 
to  keep  the  engine  running.  Superchargers  (instruments 
for  compressing  the  thin  air  and  pumping  it  into  the  engine) 
have  been  used  for  high-altitude  flights.  It  may  be  neces¬ 
sary  to  carry  pure  oxygen  for  the  engine  during  flights  into 
the  stratosphere.  Passengers  and  crew  must  be  sealed  in 
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their  gondolas.  A  supercharger  may  be  used  to  maintain 
the  air  within  the  sealed  gondola  at  a  pressure  the  same  as 
normal  atmospheric  pressure.  Principles  underlying  these 
developments  are  known,  and  energy  for  their  achievement 
can  be  easily  found.  It  only  remains  for  engineers  to  make 
the  practical  applications.  These  will  not  be  the  work  of 
one  engineer  alone.  Doubtless  many  will  contribute.  But 
this  development  will  surely  come.  The  time  is  probably 
not  far  distant  when  travelers  may  breakfast  in  New  York 
and  dine  in  London. 

There  has  been  great  progress  in  control  of  energy  since 
Stephenson  built  the  first  locomotive.  Effects  of  this 
progress  in  control  are  abundantly  seen  in  the  changing 
means  for  transportation. 


The  development  of  the  airplane  is  comparatively  recent. 
Air  pressure  causes  an  airplane  to  leave  the  ground  and  to 
move  through  the  air.  The  possibilities  of  more  rapid  trans¬ 
portation  depend  upon  the  future  development  of  the  airplane. 


Can  You  Answer  these  Questions? 

1.  What  is  the  forward  thrust  of  a  propeller? 

2.  What  is  the  difference  between  the  actual  pitch  and  the 
theoretical  pitch  of  an  airplane  propeller? 

3.  Is  there  any  difference  between  the  way  in  which  horse¬ 
power  is  calculated  for  an  airplane  engine  and  the  way  it  is  done 
for  an  automobile  engine? 

4.  Which  gives  the  larger  lift  in  keeping  an  airplane  in  flight, 
the  decrease  in  pressure  on  the  upper  surface  of  the  wings  or  the 
increase  in  pressure  on  the  lower  surface  ? 

5.  How  is  direction  of  flight  of  an  airplane  controlled  ? 

6.  What  are  some  of  the  physical  difficulties  which  must  be 
considered  in  high-speed  airplane  flight  ? 
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Questions  for  Discussion 

1.  Do  you  think  it  is  correct  to  call  the  Wright  brothers  the 
inventors  of  the  airplane?  Compare  their  work  with  the  work 
of  Langley. 

2.  What  should  you  say  have  been  some  of  the  important 
steps  in  the  development  of  the  airplane  ? 

3.  One  of  the  recent  improvements  in  the  airplane  is  a  pro¬ 
peller  whose  pitch  may  be  changed  while  in  flight.  What  ad¬ 
vantages  has  this  propeller  over  one  with  a  fixed  pitch? 

4.  Which  is  more  favorable  for  the  take-off  of  an  airplane,  a 
head  wind  or  a  tail  wind  ? 

5.  Why  do  gliders  stay  up  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Should  you  like  to  know7  more  about  the  history  of  aviation  ? 
Read  Goldstrom’s  A  Narrative  History  of  Aviation.  Should  you 
like  to  make  airplane  models  ?  A  good  book  is  Garber’s  Building 
and  Flying  Model  Aircraft.  If  you  want  to  know  more  about  the 
technical  matters  of  flight,  you  will  find  them  simply  explained 
in  Post’s  Sky  craft.  And  if  you  are  a  girl  and  feel  that  you  are 
not  interested  in  these  things,  you  may  enjoy  Amelia  Earhart’s 
For  the  Fun  of  It. 

2.  Make  a  special  study  of  the  autogyro  and  report  on  it  in 
class.  Consider  such  things  as  how  it  differs  from  a  regular  air¬ 
plane,  some  of  its  advantages  and  disadvantages,  and  how  its 
flight  is  controlled. 

3.  Many  boys  and  girls  today  belong  to  model-airplane  clubs. 
They  build  their  own  airplanes  and  have  regular  competitions  for 
prizes.  Perhaps  some  teacher  in  your  school  would  be  willing  to 
help  you  to  organize  such  a  club. 

4.  In  this  chapter  we  mention  the  flight  of  Kingsford-Smith. 
It  was  only  one  of  many  that  have  depended  upon  accurate 
navigation.  Do  you  know  how  an  aviator  finds  his  position  and 
holds  to  a  charted  course  ?  See  what  you  can  find  out  about  this.. 

5.  Make  a  study  of  some  of  the  famous  long-distance  flights, 
and  prepare  some  short  talks  to  present  in  class. 

T 
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Fig.  231.  Today  Thousands  of  Miles  of  High-Tension  Wires  carry 
Electrical  Energy  to  All  Parts  of  the  Land 


UNIT  V 


How  has  Man  gained  Control  over 
Electrical  Energy? 


Chapter  XX  •  What  are  Some  of  the  Characteristics  of  Elec¬ 
tricity  ? 

Chapter  XXI  •  What  is  the  Nature  of  Current  Electricity,  and 
How  is  it  used  to  do  Work? 

Chapter  XXII  •  How  is  Electrical  Energy  generated  from  Coal 
and  Falling  Water? 

Chapter  XXIII  •  How  is  Electrical  Energy  used  in  the  Tele¬ 
phone  and  Radio? 


OF  THE  things  you  have  used  today,  how  many  are  use¬ 
ful  because  of  electricity?  No  doubt  it  would  make  a 
long  list  if  you  were  to  name  them  all.  We  accept  these  things 
as  ordinary,  and  yet  most  of  them  were  unknown  during  the 
boyhood  of  your  grandfathers.  The  electric  motor  was  in¬ 
vented  in  1837,  but  it  was  little  more  than  a  toy  until  after 
1880.  The  first  light  bulbs  were  made  in  1880,  and  the  radio 
has  come  into  common  use  almost  during  your  own  lifetime. 

The  common  electric  lamps  would  have  been  of  no  use 
previous  to  1880,  for  there  was  no  current  for  lighting  them. 
Simple  batteries  were  in  use,  but  these  could  not  supply 
enough  energy  to  light  streets  and  homes.  The  first  electric 
generator  designed  to  supply  current  for  offices  and  homes 
was  set  up  in  1882.  It  was  built  in  New  York  City  by  Thomas 
A.  Edison,  and  it  served  an  area  of  about  twelve  city  blocks. 
Today  electrical  service  reaches  about  three  fourths  of  the 
entire  population  of  the  United  States. 

During  the  period  of  development  of  the  light  and  power 
industries,  other  great  electrical  industries  came  into  being. 
The  first  telephone  was  made  in  1875;  so  the  telephone  was 
a  novelty  when  the  light  bulb  was  invented.  The  radio  tube 
was  invented  in  1906,  but  its  wide  use  in  broadcasting  and 
receiving  sets  did  not  come  until  after  1918.  A  simple  ma¬ 
chine  for  motion  pictures  was  shown  in  1889,  hut  the  first 
practical  machine  came  in  1895.  The  first  sound  films  were 
shown  in  1926. 

With  this  brief  review  of  the  growth  of  electrical  indus¬ 
tries,  you  may  wonder  what  the  next  years  will  bring  forth. 
Is  it  likely  that  equally  great  developments  will  come  during 
your  lifetime?  May  you  have  a  part  in  this  development? 
Your  study  of  this  unit  should  help  you  to  think  clearly  about 
these  questions. 


Chapter  XX  •  What  are  Some  of  the 
Characteristics  of  Electricity  ? 

Electricity  is  a  form  of  energy  that  man  has  only  recently 
learned  to  control.  You  see  its  use  everywhere.  Electrical 
energy  comes  into  your  house  and  is  measured  in  terms  of 
the  amount  of  work  it  does. 

You  may  generate  frictional  electricity  by  rubbing  your 
coat  sleeve  (if  your  coat  is  made  of  wool)  with  the  barrel 
of  your  fountain  pen.  You  may  use  the  energy  of  a  dry 
cell  or  of  a  storage  battery  in  ringing  a  doorbell  or  blowing 
an  automobile  horn.  You  may  stand  on  a  mountain  top 
and  see  lightning  play  around  the  black  edges  of  distant 
clouds  which  announce  the  approach  of  a  thunderstorm. 
Perhaps  you  have  seen  it  as  shown  in  Fig.  232.  All  these 
phenomena  are  evidences  of  electrical  energy. 

The  story  of  electricity  is  interesting  because  it  is  a  tre¬ 
mendously  important  factor  in  life  today.  Man  had  to  learn 
many  things  about  electricity  before  he  was  able  to  control 
and  use  it.  Some  of  this  information  was  gained  only  after 
long  study  and  many  experiments.  The  answers  to  some 
questions  about  electricity,  however,  which  seemed  extremely 
difficult  only  a  short  time  ago,  are  now  common  knowledge. 
Let  us  see  what  we  can  find  out  about  electricity. 

What  does  the  Behavior  of  Charged  Bodies  teach  us 
about  Electricity? 

The  fact  that  man  has  been  able  to  make  efficient  use 
of  electricity  only  within  the  last  fifty  years  does  not  mean 
that  he  did  not  know  anything  about  it  The  Greeks  had 
before  that  time.  Early  records  show  that  some  knowledge  of 
the  Greeks,  some  three  or  four  hundred  electriclty 
years  before  the  birth  of  Christ,  described  some  of  the 
properties  of  electricity.  They  knew  the  gum  called  amber 
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Fig.  232.  Lightning  is  a  Familiar  Form  of  Electrical  Energy 


and  used  it  for  making  ornaments  and  trinkets.  They 
knew  that  an  amber  rod  rubbed  with  fur  would  pick  up 
or  attract  certain  light  objects  such  as  paper.  The  court 
physician  during  the  reign  of  Queen  Elizabeth  called  this 
attraction  electric .  The  word  electric  comes  from  the  Greek 
word  for  amber. 

In  America,  Benjamin  Franklin  became  interested  in 
electricity.  You  may  know  Franklin  as  one  of  young 
America's  prominent  men  in  government,  but  he  was  also 
one  of  her  leading  scientists.  You  may  have  seen  pictures 
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of  Franklin  flying  a  kite  during  a  thunderstorm.  Have 
you  ever  wondered  why  Franklin  was  doing  this  ?  He  had 
been  puzzled  about  lightning  and  wanted 
to  find  out  about  it  for  himself. 

Today  it  is  obvious  that  Franklin  took 
many  chances  in  studying  electricity.  In¬ 
deed  it  is  a  wonder  he  wasn't  killed,  for  his  experiments 
with  lightning  were  probably  far  more  dangerous  than  he 
knew.  Through  his  experiments,  however,  he  proved  that 
the  streak  of  lightning  and  the  spark  from  a  stick  of  amber 
are  similar  phenomena.  His  experiments  and  those  of 
many  other  investigators  are  the  foundations  upon  which 
the  present  knowledge  of  electricity  has  been  built. 

It  was  soon  found  that  hard  rubber,  sulfur,  and  glass, 
when  rubbed  in  the  same  way  as  amber,  produced  similar 
results.  Perhaps  you  would  like  to  repeat  some  of  the  ex¬ 
periments  of  the  early  experimenters  in  electricity. 

Take  a  rod  of  hard  rubber  (a  fountain  pen  or  a  hard- 
rubber  comb)  and  rub  it  vigorously  with  a  piece  of  fur  (or 
wool).  Does  the  rod  attract  bits  of  paper  ?  rkU.  , 

Now  hang  a  dry  pith  ball  (pith  is  the  light  charged  with 
substance  you  find  in  the  hollow  stems  of  electriclty 
plants)  from  a  support  by  means  of  a  silk  thread.  After 
the  rod  has  been  rubbed  with  fur,  bring  it  close  to  the  ball 
and  hold  it  as  shown  in  Fig.  233.  Notice  that  the  ball  is 
first  attracted  to  the  rod.  After  the  ball  has  touched  the 
rod,  move  the  rod  away  from  the  ball  and  then  bring  it  close 
to  the  ball  a  second  time.  This  time  the  ball  is  repelled, 
as  you  can  see  from  the  photograph.  Repeat  this  experi¬ 
ment,  using  a  rod  of  glass  which  has  been  rubbed  with  silk. 
You  will  probably  find  that  glass  rubbed  with  silk  does  not 
attract  or  repel  as  strongly  as  rubber  rubbed  with  fur.  You 
will  notice,  too,  that  you  get  best  results  on  a  day  when  the 
humidity  in  the  room  is  low.  However,  observe  that  you 
get  similar  results  in  each  case.  What  is  the  explanation? 
You  can  answer  this  after  a  little  more  experimenting. 


Franklin  was  a 
pioneer  experi¬ 
menter  in  elec¬ 
tricity 
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Hang  from  a  support  a  rubber  rod  that  has  been  rubbed 
with  wool.  Give  a  charge  to  a  second  rubber  rod  in  the  same 
manner  and  bring  it  near  the  first  one,  as 
fectTattrac^each"  shown  in  Fig.  234.  Notice  that  one  rod 
each'othei"6  repel  rePe^s  the  other.  Repeat  this  experiment, 
using  two  glass  rods  that  have  been  rubbed 
with  silk.  Again  notice  that  one  rod  repels  the  other.  Try 
one  more  combination.  Hang  the  charged  rubber  rod  on 

the  support  and  bring 


up  to  it  a  charged  glass 
rod.  What  happens 
this  time?  You  can 
see  that  the  charged 
glass  and  charged  rub¬ 
ber  rods  attract  each 
other.  You  have  seen 
now  that  a  charged 
glass  rod  will  repel 
another  charged  glass 
rod;  a  charged  rubber 
rod  will  repel  another 
charged  rubber  rod; 
but  between  a  charged 
rubber  rod  and  a 
charged  glass  rod  there 
is  an  attraction. 

You  may  study  other  substances  experimentally.  Will 
the  charged  rods  pick  up  little  wads  of  cotton  ?  Try  tissue 
paper,  aluminum  foil,  cork  filings  (made  by  rubbing  a  file 
over  a  piece  of  cork),  or  any  other  light  substance  that  is 
_  . ,  ,  at  hand.  Can  you  charge  a  metal  rod  by 

that  there  were  two  rubbing  it  with  silk  or  fur?  Try  a  wax 
elfdricity  mds  °f  candle  or  a  stick  of  sealing  wax. 

Franklin  decided  from  these  and  other 
similar  experiments  that  there  .are  two  different  kinds  of 
electricity.  One  kind  is  formed  on  glass  by  rubbing  it  with 


Fig.  233.  Objects  may  be  charged  with 
Electricity 

Notice  that,  after  the  pith  balls  have  become 
charged  with  negative  electricity  from  the  rub¬ 
ber  rod,  they  are  repelled 
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silk.  The  other  is  formed  on  rubber  by  rubbing  it  with 
fur.  He  found,  too,  that  the  silk  and  the  fur  also  became 
charged.  The  charge  on  the  silk  was  not  Electricity  is  posi- 
the  same  as  that  on  the  glass,  however,  tive  an(1  negative 
and  the  charge  on  the  fur  was  not  the  same  as  the  charge 
on  the  rubber.  In  fact,  the  opposite  was  true.  The  charge  on 
the  silk  was  similar  to  the  charge  on  the  rubber,  and  the 
charge  on  the  fur  was  similar  to  the  charge  on  the  glass. 

Since  the  charges 
seemed  opposite  in 
character,  Franklin 
called  one  (the  charge 
on  glass  or  fur)  posi¬ 
tive  electricity  and 
the  other  (the  charge 
on  rubber  or  on  silk) 
negative  electricity. 

Since  the  electricity 
seemed  to  stay  on  the 
glass  or  rubber  rods 
after  they  were  once 
charged,  it  was  named 
static  electricity.  Static 
"  causing  to  stay, 


Ewing  Galloway 

Fig.  234.  Why  do  these  Charged  Rubber 
Rods  repel  Each  Other? 


is  from  a  Greek  word  meaning 
According  to  the  electron  theory,  elec¬ 
tricity  on  glass  and  rubber  is  the  same  as  other  electricity. 

Not  all  kinds  of  materials  hold  an  electric  charge  as 
rubber  and  glass  do.  You  cannot  charge  a  metal  rod  by 
holding  it  in  the  hand  and  rubbing  it  with 
silk  or  fur  or  anything  else.  Any  charge 
that  is  formed  on  these  substances  runs 
off.  Metals,  then,  are  conductors  of  elec¬ 
tricity.  Substances  like  glass,  rubber,  silk, 
paper,  and  pith,  however,  are  called  non¬ 
conductors,  or  insulators,  for  they  do  not  conduct  elec¬ 
tricity.  In  this  instance  electricity  is  static;  that  is,  it 
" stays  on”  a  nonconductor. 


Some  materials  are 
conductors  of  elec¬ 
tricity.  Materials 
over  which  elec¬ 
tricity  does  not 
flow  easily  are 
called  insulators 
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It  is  possible  to  tell  what  some  insulators  will  do  when 
they  are  charged  with  electricity,  for  under  the  same  con- 
The  behavior  of  ditions  they  always  behave  in  the  same 
charged  bodies  way.  You  have  observed  the  behavior  of 
may  be  predicted  rukker  charged  by  rubbing  it  with  wool  or 
fur,  and  you  have  observed  the  behavior  of  glass  charged 
by  rubbing  it  with  silk.  You  may  summarize  your  ob¬ 
servations  as  follows : 

1.  An  uncharged  body  is  attracted  by  a  charged  one. 
Little  bits  of  paper,  pith  balls,  and  other  things  that  are 
nonconductors  of  electricity  are  attracted  by  either  a 
charged  glass  rod  or  a  charged  rubber  rod. 

2.  When  two  bodies  are  charged  alike  (both  positive  or 
both  negative),  there  is  a  repelling  force  between  them. 
There  is  a  repelling  force  between  a  charged  glass  rod  and 
another  charged  glass  rod.  There  is  a  repelling  force  be¬ 
tween  a  charged  rubber  rod  and  another  charged  rubber  rod. 

3.  When  two  bodies  carry  unlike  charges  (one  positive 
and  the  other  negative),  there  is  an  attractive  force  be¬ 
tween  them.  There  is  an  attractive  force  between  a 
charged  rubber  rod  and  a  charged  glass  rod. 

4.  When  an  uncharged  body  is  touched  by  a  charged  one, 

part  of  the  charge  passes  to  the  uncharged  body.  Remem- 
*  ,  ber  how  the  pith  ball  was  first  attracted 

from  one  body  to  to  the  rubber  rod  and  was  then  repelled  ? 
another  The  charged  rubber  rod  contained  nega¬ 

tive  electricity.  The  pith  ball  was  uncharged.  According 
to  1  there  should  have  been  an  attractive  force.  Was 
there?  After  touching  the  charged  rubber  rod,  however, 
the  pith  ball  became  charged  with  negative  electricity.  In 
other  words,  both  the  rod  and  the  pith  ball  contained  nega¬ 
tive  electricity.  If  2  is  correct,  the  two  objects  should  then 
have  repelled  each  other.  Did  they  ? 

If  you  will  consider  what  you  have  found  from  your  ex¬ 
periments,  it  becomes  evident  that  there  is  energy  on  the 
surface  of  the  charged  rods,  for  they  will  exert  a  push  or 
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a  pull  on  some  objects.  This  energy  is  electricity.  It  is 
formed  on  the  rubber  rod  by  friction  with  fur,  and  on  the 
glass  rod  by  friction  with  silk.  Thus  the  ^ 

&  J  I  he  energy  on 

energy  of  motion  has  been  changed  to  charged  bodies  is 
electrical  energy.  It  has  been  estimated  electriclty 
that  a  large  airship  may  become  charged  by  friction  with 
air  to  such  a  degree  that  the  attraction  between  it  and  the 
earth,  owing  to  the  electrical  charges,  may  reach  two  or 
three  hundred  pounds.  Where  does  this  electrical  energy 
come  from?  The  answer  may  be  found  in  a  theory  which 
seems  to  explain  these  observations  and  many  others. 

You  are  already  familiar  with  the  theory  which  supposes 
matter  to  be  made  up  of  atoms,  which  in  turn  are  made  up 
of  tiny  particles  called  electrons  and  pro-  An  atom  is  a 
tons.  Electrons,  as  you  have  learned,  are  neutral  particle 
particles  of  negative  electricity ;  and  the  protons  are  par¬ 
ticles  of  positive  electricity.  It  is  further  supposed  that 
the  charge  on  an  electron  is  just  equal  and  opposite  to  the 
charge  on  a  proton.  It  is  supposed,  too,  that  an  atom 
normally  has  just  as  many  particles  of  positive  electricity 
(protons)  as  it  has  of  negative  electricity  (electrons).  In 
other  words,  an  atom  is  neutral,  for  it  is  neither  positive 
nor  negative.  Be  sure  that  you  understand  this,  because 
it  is  important  in  the  explanation  that  follows. 

Imagine  now  that  something  disturbs  this  balanced  ar¬ 
rangement.  Under  certain  conditions  some  atoms  will  lose 
electrons  while  other  atoms  will  gain  elec-  ,  , 

When  atoms  lose 

trons.  When  either  happens,  the  atom  is  no  or  gain  electrons, 
longer  neutral.  An  atom  which  has  gained  they  become  lons 
or  lost  electrons  is  called  an  ion.  If  it  loses  electrons,  the 
part  that  remains  is  a  positive  ion  (neutral  —  negative  = 
positive).  When  the  atom  gains  electrons,  the  result  is  a 
negative  ion  (neutral  +  negative  =  negative).  Let  us  use 
this  theory  to  explain  the  observations  you  made  in  your 
experiments  with  static  electricity. 

The  atoms  in  all  the  substances  you  used  were  neutral. 
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After  you  rubbed  the  glass  rod  with  silk,  however,  you 
found  that  the  rod  was  positive  and  the  silk  negative. 
What  had  happened  ?  According  to  the  electron  theory 
electrons  passed  from  the  glass  rod  to  the  silk.  Do  you  see 
how  this  explains  the  formation  of  opposite  charges  ?  After 
you  rubbed  a  piece  of  rubber  with  fur,  the  rubber  was  nega¬ 
tive  and  the  fur  positive.  How  should  you  explain  this? 

Now  recall  what  happened  when  the  rubber  rod  was 
brought  near  a  pith  ball.  Remember  that  the  pith  ball  was 
neutral  and  the  rubber  rod  negative.  When  the  rod  first 
approached  the  pith  ball,  there  was  obviously  an  attract¬ 
ing  force  between  the  ball  and  the  rubber;  but  after  the 
ball  had  touched  the  rubber,  there  was  then  a  repelling 
force  between  them.  Can  you  explain  this? 

First  explain  why  the  neutral  ball  is  attracted,  using  the 
rules  (p.  428)  established  by  experiment  and  the  theory  we 
The  behavior  of  have  just  outlined.  You  can  do  this  by 
charged  bodies  supposing  that  the  electrons  on  the  rubber 
hTLrn^of  the 8  rod  repelled  some  of  the  electrons  on  the 
electron  theory  pith  ball  to  the  far  side  of  the  ball  (2,  p.  428). 
This  would  leave  the  side  nearest  to  the  rubber  rod  with 
fewer  electrons;  that  is,  it  would  be  positive.  You  have 
found  that  unlike  charges  attract  (3,  p.  428).  So  you  may 
expect  the  pith  ball  to  be  attracted  to  the  rod  (1,  p.  428). 
Now  let  us  explain  why  the  pith  ball  was  repelled  after  hav¬ 
ing  touched  the  rubber  rod.  When  these  two  objects  came 
in  contact,  electrons  passed  from  the  rubber  rod  to  the  pith 
ball.  The  neutral  pith  ball  had  negative  electrons  added 
to  it,  and  thus  it  too  became  negatively  charged.  What 
happens  when  similarly  charged  bodies  are  near  each  other 
(2,  p.  428)?  If  you  have  tried  to  pick  up  little  pieces  of 
paper  with  a  comb  or  a  fountain  pen  that  has  been  rubbed 
with  wool,  you  may  have  noticed  that  sometimes  a  piece 
of  paper  would  be  attracted  to  the  rubber,  stick  to  it  for  a 
second  or  two,  and  then  drop  off  again.  Can  you  explain 
this  now? 
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Recall  your  experiences  with  the  glass  rod  and  the  pith 
ball.  They  were  exactly  the  same  as  those  with  the  rubber 
rod,  were  they  not?  In  this  case  the  pith  ball  was  again 
neutral,  but  the  glass  rod  was  positively  charged  as  a  result 
of  losing  electrons.  Again  the  objects  attracted  each  other. 
Can  you  explain  why?  When  they  came  in  contact,  elec¬ 
trons  passed  from  the  pith  ball  to  the  glass  rod.  Thus  the 
pith  ball,  losing  some  electrons  to  the  glass  rod,  became 
positively  charged.  What  happens  when  similarly  charged 
bodies  approach  each 
other?  Can  you  ex¬ 
plain  what  happened 
to  the  rods  shown  in 
Fig.  234? 

You  may  wish  to 
repeat  your  experi¬ 
ments  with  the  differ¬ 
ent  types  of  objects, 
and  see  whether  you 
can  explain  all  your 
observations  by  using 
the  electron  theory. 

An  electroscope  is 
a  most  convenient  in¬ 
strument  for  studying 
charged  bodies.  As  shown  in  Fig.  235,  it  consists  of  a  metal 
rod  carefully  insulated  from  its  surroundings  so  that  any 
charge  on  it  cannot  readily  run  off.  It  is  inclosed  to  protect 
it  from  air  currents.  Attached  to  the  end  of  the  rod  is  a 
leaf  of  metal  foil.  Gold  leaf  or  aluminum  foil  is  commonly 
used.  Thus  electrons  flow  freely  over  the  rod  and  the  metal 
leaf,  which  are  conductors;  but  they  cannot  escape,  for 
the  rod  is  mounted  in  insulating  material. 

A  satisfactory  electroscope  may  be  made  by  fastening 
a  heavy  piece  of  iron  wire  through  a  rubber  stopper  and 
extending  the  wire  into  a  bottle,  as  shown  in  Fig.  236. 


Ewing  Galloway 


Fig.  235.  An  Electroscope  is  a  Convenient 
Instrument  for  Studying  Charged  Bodies 

Rubber  is  charged  with  fur,  glass  is  charged 
with  silk 
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Bend  the  end  of  the  wire  into  a  hook,  and  hang  a  strip  of 
gold  leaf  or  aluminum  foil  over  the  hook  so  that  about  an 
inch  of  the  metal  strip  hangs  down  on  each  side  of  the 
hook.  This  must  be  done  in  a  place  where  there  are  no  air 
currents  to  blow  the  metal  foil  while  it  is  being  handled. 
Care  must  be  used,  for  the  metal  foil  is  easily  destroyed. 

The  following  four  experiments 
may  be  done  with  an  electroscope. 
Under  each  one  an  explanation  is 
given  of  what  happens  and  why. 
Read  them  carefully  and  study  the 
diagrams. 

1.  Start  with  a  rubber  rod  and 
an  electroscope  as  shown  in  Fig. 
237.  In  this  picture  neither  is 
charged.  Now  charge  the  rubber 
rod  by  rubbing  it  with  fur  and 
bring  the  charged  rubber  toward 
the  knob  of  the  metal  rod  of  the 
electroscope  (as  in  Fig.  238) .  Notice 
that  the  leaves  of  the  electroscope 
spread.  Why  should  this  be  ?  The 
rubber  rod,  as  you  have  learned, 
is  negatively  charged ;  that  is,  it 
carries  more  electrons  than  are 
carried  on  an  uncharged  rod.  As 
the  rod  approaches  the  electro¬ 
scope,  this  extra  supply  of  electrons 
on  the  rubber  rod  drives  electrons  from  the  knob  of  the 
electroscope  toward  the  leaves.  Thus  the  knob  loses  elec¬ 
trons  and  becomes  positively  charged.  The  leaves  now 
have  more  electrons  than  normally  and  therefore  are  nega¬ 
tively  charged.  They  repel  each  other  and  the  metal  foil 
spreads  out  like  a  V  turned  upside  down. 

2.  Repeat  this  experiment,  but  this  time  use  a  charged 
glass  rod.  Notice  that  the  results  are  the  same.  In  this 


Fig.  236.  A  Satisfactory  Elec¬ 
troscope  may  be  made  from 
a  Flask  or  Bottle,  a  Cork, 
a  Piece  of  Iron  Wire,  and  a 
Strip  of  Gold  Leaf  or  Alu¬ 
minum  Foil 
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case  you  know  the 
glass  rod  is  positively 
charged ;  that  is,  it 
has  fewer  electrons 
than  normally.  As  the 
rod  approaches,  elec¬ 
trons  are  attracted 
toward  it.  They  move 
up  the  metal  rod  of  the 
electroscope  toward 
the  knob.  Thus  the 
knob  becomes  nega¬ 
tively  charged  (with 
more  electrons  than 
are  normally  there). 
The  leaves,  however,  become  positively  charged,  having 
lost  electrons  by  the  flow  toward  the  knob.  Since  both  of 
them  are  positively 
charged,  they  repel 
each  other. 

3.  Repeat  experi¬ 
ment  1.  Remember 
that  the  electrons  are 
driven  away  from  the 
knob  and  toward  the 
leaves.  Now  while  the 
leaves  are  spread  far 
apart,  touch  your 
finger  to  the  knob  of 
the  electroscope.  No¬ 
tice  that  the  leaves 
collapse.  Why  is  this? 

The  human  body  is 
a  good  conductor  of 
electricity.  When  the  finger  is  touched  to  the  insulated 
metal  rod,  electrons  may  pass  to  it  from  the  rod.  When 
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Fig.  238.  Electrons  from  the  Knob  are  driven 
toward  the  Leaves  of  the  Electroscope 

Thus  both  of  the  latter  become  negatively- 
charged.  Since  similarly  charged  bodies  repel 
each  other,  the  leaves  spread  out 
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Fig.  237.  Neither  the  Rubber  Rod  nor  the 
Metal  Rod  of  the  Electroscope  is  charged. 
Electrons  are  distributed  through  Both 
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the  leaves  were  as  described  in  1,  there  was  an  extra  supply 
of  electrons  on  the  leaves.  When  your  finger  touched  the 
knob,  however,  electrons  driven  by  the  negatively  charged 
rubber  flowed  from  the  leaves  and  the  rod  through  your 
finger  and  through  your  body  to  the  ground,  thus  reducing 
the  electrons  on  the  rod.  After  electrons  had  left  the 
leaves,  they  became  neutral  again  and  did  not  repel  each 
other,  so  they  came  together.  Fig.  239  pictures  this. 

4.  After  the  leaves 
have  collapsed  as  they 
did  in  experiment  3 
but  while  you  are  still 
holding  the  rubber  rod 
near  the  knob  of  the 
electroscope,  remove 
your  finger.  Notice 
that  the  leaves  are 
still  collapsed.  Now 
take  away  the  charged 
rubber  rod.  Notice 
that  the  leaves  spread 
apart.  Why  should 
this  be  so  ?  When  the 
leaves  collapsed,  they 
were  neutral.  Some 
electrons  had  left  the 
electroscope  through  your  hand,  but  owing  to  the  presence 
of  the  charged  rubber  rod  more  electrons  were  crowded 
down  to  the  leaves  than  were  in  the  knob.  The  leaves  were 
neutral,  but  the  top  of  the  rod  was  positive.  When  the 
charged  rubber  rod  was  removed,  however,  the  electrons 
which  had  been  repelled  to  the  leaves  of  the  electroscope 
moved  upward  again  and  distributed  themselves  through 
the  entire  rod  and  the  leaves.  As  some  of  the  electrons  had 
previously  flowed  off  through  your  finger,  however,  there 
were  not  enough  left  to  balance  the  protons  exactly.  In 
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Fig.  239.  The  Charged  Rubber  Rod  forces 
Electrons  to  flow  away  from  the  Knob 
through  the  Finger 

While  the  finger  touches  the  knob  no  charge  is 
shown  on  the  leaves 
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other  words,  there  was 
a  lack  of  electrons  all 
over  the  rod,  and  the 
electroscope  was  posi¬ 
tively  charged.  Now 
the  leaves  spread  apart 
again,  for  they  both 
had  a  smaller  than 
normal  supply  of  elec¬ 
trons  (see  Figs.  240 
and  241). 

You  may  repeat  ex¬ 
periments  3  and  4,  us¬ 
ing  a  glass  rod  charged 
by  rubbing  it  with 
silk,  instead  of  rubber 
charged  by  rubbing  it 
with  wool.  The  results  will  be  similar  except  that  the 
charges  will  be  opposite  in  character. 

There  are  many  other  interesting  experiments  that  may 
be  planned  with  an  electroscope.  Try  to  arrange  some  of 
your  own,  using  vari¬ 
ously  charged  articles 
in  different  combina¬ 
tions.  Try  to  explain 
in  terms  of  the  elec¬ 
tron  theory  what  hap¬ 
pens. 

You  know  of  course 
that  no  one  has  ever 
seen  an  electron  and 
that  there  is  no  posi¬ 
tive  proof  that  such 
a  thing  really  exists. 

What  we  do  know  is 
that  things  behave  as 
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Fig.  241.  Why  should  the  Leaves  of  the 
Electroscope  spread  when  the  Rubber  Rod 
is  taken  Away? 

Compare  with  Fig.  240 
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Fig.  240.  There  is  a  Charge  on  the  Metal 
Rod  but  it  doesn’t  show  on  the  Leaves  while 
the  Charged  Rubber  Rod  is  Near.  Why? 

The  figure  shows  a  positive  charge  on  the  knob 
and  no  charge  on  the  leaves 
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if  there  were  particles  moving  about  as  we  have  imagined 
that  the  electrons  do.  Theories  cannot  be  said  to  be  true 
or  false.  They  are  good  or  bad  suppositions.  The  more 
things  that  can  be  explained  by  them  the  better  they  are. 
If  things  happen  which  cannot  be  explained  by  accepted 
theories,  we  know  that  the  theories  are  incomplete  and  that 
more  experiments  must  be  performed  to  suggest  ways  of 
improving  them. 

The  electron  theory  serves  to  explain  the  phenomena  of 
static  and  of  current  electricity.  As  you  go  forward  in  the 
study  of  electricity,  you  will  find  it  useful  in  explaining  all 
sorts  of  electrical  phenomena. 


Electricity  is  another  form  of  energy  which  has  its  origin  in 
solar  radiation.  Electricity  is  found  in  two  forms:  positive 
and  negative.  The  phenomena  associated  with  static  elec¬ 
tricity  may  be  explained  by  the  use  of  the  electron  theory. 


Can  You  Answer  these  Questions? 

1.  Is  the  electrical  charge  on  glass  positive  or  negative?  on 
fur  ?  on  rubber  ?  on  silk  ? 

2.  What  is  the  definition  of  a  nonconductor  of  electricity? 
of  a  conductor? 

3.  What  happens  when  an  uncharged  body  is  brought  into 
contact  with  a  charged  one  ? 

4.  Do  two  bodies  positively  charged  attract  or  repel  each 
other?  Why? 

5.  Do  two  bodies  negatively  charged  attract  or  repel  each 
other?  Why? 

6.  Do  objects  with  unlike  charges  attract  or  repel  each  other? 
Why? 

7.  What  demonstrations  should  you  use  to  support  your  an¬ 
swers  to  3,  4,  5,  and  6  ? 

8.  According  to  the  electron  theory,  what  is  an  atom? 
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9.  Why  is  an  atom  normally  neutral  ? 

10.  What  is  an  ion,  and  how  is  it  formed? 

11.  When  is  an  ion  negative,  and  when  is  an  ion  positive? 

12.  Can  you  explain  in  terms  of  the  electron  theory  what  hap¬ 
pens  in  3,  4,  5,  and  6  above? 

13.  What  is  an  electroscope? 

14.  Can  you  explain  in  terms  of  the  electron  theory  the  fol¬ 
lowing  demonstrations  with  an  electroscope  ? 

a .  A  charged  rubber  rod  is  brought  toward  the  knob.  The 
leaves  spread. 

b.  A  charged  glass  rod  is  brought  toward  the  knob.  The 
leaves  spread. 

c.  b  is  repeated,  but  the  knob  is  touched  with  your  finger. 
The  leaves  collapse. 

d.  c  is  repeated,  but  your  finger  is  removed.  The  leaves  re¬ 
main  collapsed.  The  rod  is  moved  away,  and  the  leaves  spread. 

15.  Is  there  a  difference  between  static  electricity  and  current 
electricity?  Explain. 


Questions  for  Discussion 

1.  Why  should  some  objects  hold  negative  electricity  and 
others  hold  positive  electricity  ? 

2.  What  do  you  think  is  the  reason  why  some  objects  will 
conduct  electricity  while  others  will  not  ? 

3.  Is  most  of  the  space  inside  the  atom  empty  space  or  is  it 
mostly  filled  with  electrons  and  protons  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  If  you  have  an  encyclopedia  in  your  school  library,  see  if 
you  can  find  out  what  ancient  peoples  believed  about  electricity. 

2.  Suppose  an  electroscope  is  charged.  You  have  a  rubber 
rod,  a  glass  rod,  a  piece  of  silk,  and  a  piece  of  fur.  How  could 
you  find  out  whether  the  charge  on  the  electroscope  is  positive 
or  negative  ? 

3.  Charge  an  electroscope  and  leave  it  charged.  Will  it  hold 
the  charge  indefinitely?  Try  it  and  see  if  you  can  explain  your 
observations. 


Chapter  XXI  •  What  is  the  Nature  of  Current 
Electricity,  and  How  is  it  used  to  do  Work? 

There  was  a  time  when  it  was  believed  that  static  elec¬ 
tricity  and  current  electricity  were  two  different  phenom- 
c  .  ,  .  ena.  Now  it  is  believed  that  they  are  the 

electricity  are  simi-  same  and  that  both  are  associated  with 
lar  Phenomena  electrons.  In  static  electricity  the  electrons 
may  be  stored  on  a  nonconducting  body  as  a  negative 
charge,  or  electrons  may  be  removed  from  a  nonconduct¬ 
ing  body,  leaving  a  positive  charge.  As  you  have  learned, 
electrons  may  be  stored  on  rubber  or  removed  from  glass. 
They  may  be  stored  on  metals,  as  in  the  electroscope,  if 
the  metal  is  carefully  insulated  from  all  conductors. 

In  current  electricity,  however,  the  electrons  are  not 
stored,  but  flow  along  a  conductor.  When  this  flow  of 
electrons  is  properly  controlled,  it  may  be  made  to  furnish 
heat  and  light,  bring  about  chemical  changes  of  importance 
to  industry,  carry  signals  by  means  of  telegraph  and  radio, 
and  turn  motors. 

The  properties  of  current  electricity  are  not  entirely 
new  to  you.  From  your  study  of  the  properties  of  metals 
you  have  learned  how  a  current  of  electricity  may  be 
produced  by  chemical  action.  According  to  theory,  elec¬ 
trons  are  released  by  chemical  action  between  metals  (zinc, 
for  example)  and  acid  or  between  metals  and  other  chem¬ 
icals.  Do  you  remember  how  you  used  a  magnet  to  discover 
the  flow  of  electricity  in  a  wire  ? 

Set  up  an  apparatus  like  that  shown  in  Fig.  242.  Keep 
the  switch  open,  and  dip  the  bare  wire  into  the  iron  filings. 
Lift  the  wire.  Has  anything  happened?  Now  close  the 
switch,  dip  the  wire  into  the  filings  again,  and  lift  it  out. 
When  a  current  of  electricity  flows  through  it,  the  wire  is 
like  a  magnet;  for  it  will  attract  and  hold  iron  filings. 
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Now  if  you  open  the  switch  again,  you  will  see  that  the 
iron  filings  fall  away  from  the  wire.  From  your  observa¬ 
tions  you  can  come  to  the  conclusion  that  a  wire  carrying 
a  current  of  electricity  has  magnetic  properties,  that  is, 
properties  of  a  magnet. 

This  phenomenon  is  important.  "Why?”  you  may  ask. 
Let  us  see. 

A.  What  are  Some  of  the  Relations  between 
Magnetism  and  Electricity? 

The  relations  between  magnetism  (the  property  pos¬ 
sessed  by  magnets)  and  electricity  were  studied  during  the 
early  part  of  the  nine¬ 
teenth  century  by  Jo¬ 
seph  Henry  in  Amer¬ 
ica  and  by  Michael 
Faraday  in  England. 

An  understanding  of 
the  relations  has  been 
extremely  important 
in  man’s  progress 
in  the  control  of  the 
natural  forces  around 
him.  Through  this  un¬ 
derstanding  man  has 
learned  to  make  and 
to  use  electric  motors 
and  generators. 

Magnets  are  not  new  to  you.  You  know  that  the  most 
obvious  property  of  a  magnet  is  that  it  will  pick  up  pieces 
of  iron.  When  a  magnet  is  brought  near  some  small  nails, 
for  example,  the  nails  are  attracted  toward  the  magnet  and 
held  to  it.  But  have  you  ever  noticed  that  while  the  nails 
will  cling  to  either  end  of  the  magnet,  they  will  not  cling 
to  the  middle  of  it?  The  force  of  magnetism  seems  to  be 
strongest  at  the  ends  of  the  bars. 


Fig.  242.  When  a  Current  of  Electricity 
flows  through  a  Bare  Wire,  the  Wire  is  like 
a  Magnet 
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There  are  only  a  few  substances  that  show  magnetic 
properties.  Of  these  iron  (or  steel)  is  most  familiar  and 
most  magnetic.  Nickel  and  cobalt  show 
have  magnetic  some  magnetic  properties.  Copper,  zinc, 
properties;  others  an(j  other  common  metals  are  classed 
as  nonmagnetic.  Nonmetallic  substances, 
such  as  wood,  wool,  cotton,  glass,  and  rubber,  are  non¬ 
magnetic.  They  are  not  attracted  by  magnetic  substances. 

To  observe  the  ac¬ 
tion  of  one  magnet  on 
another  you  may  use 
a  bar  magnet  hung  as 
shown  in  Fig.  243. 
Bring  one  end  of  a  sec¬ 
ond  bar  magnet  near 
to  one  end  and  then 
to  the  other  end  of 
the  mounted  magnet. 
Obviously,  as  shown 
in  Fig.  243,  one  end  of 
the  mounted  magnet 
is  attracted  and  the 
other  end  is  repelled  by 
the  second  magnet. 
This  observation  fur¬ 
nishes  convincing  evi¬ 
dence  that  the  two 
ends  of  a  magnet  do 
not  have  exactly  the 
same  properties,  al¬ 
though  both  ends  look 
alike  and  both  ends 
will  pick  up  nails. 

Consider  your  observations  a  little  more  closely.  A 
magnet  mounted  so  as  to  swing  freely  is  really  a  compass. 
Notice  that  the  swinging  bar  in  Fig.  244  comes  to  rest  in  a 


Fig.  243.  Like  Poles  of  a  Magnet  repel  Each 
Other;  Unlike  Poles  attract  Each  Other 
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north  and  south  position.  Because  of  this  the  end  which 
points  toward  the  north  is  called  a  north  pole.  The  other 
end  is  a  south  pole.  Look  again  at  Fig.  243.  The  north 
poles  of  the  bar  magnets  shown  there  are  marked  with  an 
N.  The  south  poles  are  marked  with  an  S.  T ,  , 

Now  study  the  relationship  between  these  nets  repel;  unlike 
poles.  Notice  that  the  north  pole  of  the  poles  attract 
magnet  attracts  the  south  pole  and  repels  the  north  pole  of 
a  second  magnet.  In  other  words,  like  poles  of  magnets 
repel  each  other,  and  unlike  poles 
attract  each  other. 

Should  you  like  to  make  a 
magnet  for  yourself?  The  sim¬ 
plest  way  is  to  bring  a  bar  of 
magnetized  steel,  one  that  has 
been  made  into  a  magnet,  in  con¬ 
tact  with  a  bar  of  unmagnet¬ 
ized  steel.  In  this  manner  you 
may  magnetize  the  blade  of  your 
knife.  Stroke  the  blade  a  few 
times  over  one  of  the  poles  of  a 
bar  magnet,  and  you  find  that 
the  magnetized  blade  picks  up 
small  nails.  A  piece  of  soft  iron 

(or  of  soft  steel)  also  shows  magnetic  properties,  but  differs 
from  the  steel  of  your  knife  blade  in  that  the  soft  iron  does 
not  hold  magnetism  after  it  is  removed 
from  the  magnet.  This  property  of  soft 
iron  may  be  illustrated  as  shown  in  Fig. 

245.  The  nail  (soft  steel)  will  attract  other 
nails  or  small  tacks  only  while  it  is  held  by 
the  bar  magnet.  The  nail  loses  its  magnetism  immediately 
after  it  is  removed  from  the  hard-steel  magnet. 

A  magnet  of  hard  steel  is  called  a  permanent  magnet; 
but  of  course  it  is  not  really  permanent,  for  in  the  course 
of  a  long  time  it  loses  its  magnetic  properties. 


Fig.  244.  A  Magnet  mounted 
so  as  to  swing  freely  is  really 
a  Compass 


The  magnetic 
property  of  mag¬ 
netized  substances 
may  be  transferred 
to  unmagnetized 
substances 
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The  experience  of  magnetizing  your  knife  blade  may 
suggest  to  you  the  fact  that  you  must  take  care  of  your 
watch  while  working  with  magnets.  Why  ?  The  spring  of 
your  watch  is  made  of  hard  steel.  If  the  watch  touches 
or  even  comes  near  a  magnet,  the  hairspring  may  become 
magnetized.  If  this  happens,  you  may  be  sure  that  the 
watch  will  not  keep  correct  time.  This  is  not  serious,  how¬ 
ever,  for  it  is  a  fairly  simple  matter  to  have  the  watch 
demagnetized,  that  is,  make  it  lose  its  magnetism. 

The  manner  in 
which  the  forces  are 
distributed  about  a 
magnet  is  shown  at 
the  top  of  Fig.  246. 
A  piece  of  white  paper 
has  been  placed  over 
a  bar  magnet,  and 
fine  iron  filings  have 
been  sprinkled  on  the 
paper.  The  paper  is 
nonmagnetic,  so  it 
serves  no  purpose 
except  to  hold  the 
filings.  Notice  the  regular  pattern  that  is  formed.  The 
little  particles  of  iron  seem  to  arrange  themselves  along 
lines  which  extend  outward  from  the  ends  of  the  magnet. 
These  lines,  called  lines  of  force,  are  curved  and  seem  to 
join  the  two  ends  of  the  bar. 

Now  place  two  magnets  under  the  paper  so  that  unlike 
poles  are  near  each  other  (the  center  diagram  of  Fig.  246). 
The  arrangement  of  the  particles  of  iron  on  the  paper  now 
Magnetism  shows  suggests  that  lines  of  force  continue  from 
lines  of  force  one  magnet  to  the  other.  Let  us  try  one 
more  set-up.  Arrange  the  magnets  with  like  poles  near 
each  other,  as  shown  in  the  bottom  diagram  of  Fig.  246. 
Here  the  lines  of  force  from  the  two  magnets  seem  to 


Fig.  245.  A  Piece  of  Soft  Steel  (a  Nail,  for 
Example)  will  not  hold  Magnetism  after  it 
is  removed  from  a  Magnet 
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repel  each  other.  After  these  observations  it  should  be  clear 
that  like  poles  repel  and  unlike  poles  attract  each  other. 

If  you  think  that  the  ,.,r,  *w.- 

paper  plays  a  part  in  what 
you  have  seen,  substitute 
a  piece  of  window  glass 
for  the  paper.  Notice 
that  the  magnetic  lines 
of  force  pass  through  glass 
just  as  readily  as  they 
pass  through  paper  and 
that  the  pattern  formed 
by  iron  filings  on  glass  is 
similar  to  the  pattern 
formed  on  paper.  In  the 
same  way  the  lines  of 
force  pass  through  wood, 
copper,  and  zinc ;  in  fact, 
they  pass  through  any 
nonmagnetic  substance. 

If  you  should  use  a  sheet 
of  iron,  the  effect  would 
of  course  be  different ;  for 
the  sheet  of  iron  is  itself 
magnetized  when  brought 
near  a  magnet. 

In  order  to  explain  the 
magnetic  properties  of 
iron  a  theory  of  magnet¬ 
ism  based  on  the  molec¬ 
ular  theory  has  been 
proposed.  The  molecular 
theory,  as  you  know,  sup¬ 
poses  that  all  matter  is 
made  up  of  molecules.  In  the  case  of  gases  there  is  much 
vacant  space  between  the  molecules,  and  the  little  particles 


Fig.  246.  Iron  Filings  scattered  on  a 
Piece  of  Glass  or  Paper  which  is  placed 
over  a  Bar  Magnet  will  demonstrate  by 
the  Lines  of  Force  which  are  formed 
that  Like  Poles  repel  Each  Other  and 
Unlike  Poles  attract  Each  Other 

Can  you  tell  from  the  lines  of  force  which 
are  like  poles  and  which  are  unlike  poles 
of  the  magnet? 
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move  freely.  In  the  case  of  liquids  there  is  not  so  much 
space  between  the  molecules,  and  they  move  with  less  freedom. 
In  the  case  of  most  solids  the  molecules  are  packed  closely 
together.  In  general,  then,  it  is  supposed  that  the  hardest 
solids  are  those  in  which  the  molecules  move  with  least 
freedom.  Thus  molecules  of  iron  in  soft  steel  move  with 
greater  freedom  than  do  molecules  of  iron  in  hard  steel. 

The  molecular  theory  of  magnetism  is  based  upon  the 
supposition  that  each  molecule  of  a  magnetic  substance, 
such  as  iron,  is  a  permanent  magnet,  whereas  each  molecule 
of  a  nonmagnetic  substance,  such  as  zinc,  is  not.  If  each 
molecule  of  iron  in  a  steel  bar  is  a  magnet,  the  bar  becomes 
a  magnet  when  the  molecules  are  arranged  in  the  proper 
systematic  fashion.  Let  us  see  if  we  can  describe  by  means 
of  this  theory  just  what  is  thought  to  happen  when  an  iron 
bar  is  magnetized. 

Consider  the  arrangement  of  molecules  in  an  unmagnet¬ 
ized  iron  bar.  According  to  the  molecular  theory  the 
molecules  in  this  bar  are  arranged  as  shown 
in  Fig.  247,  a .  Each  molecule  is  a  magnet, 
but  there  is  no  systematic  arrangement. 
You  can  imagine  lines  of  force  between  the 
individual  molecules  similar  to  those  you  saw  for  yourself 
in  Fig.  246.  This  diagram  should  indicate  too  that,  while 
the  molecules  themselves  are  magnets,  the  bar  as  a  whole 
is  not.  Do  you  see  why  ? 

But  what  happens  when  this  bar  is  magnetized  ?  Study 
Fig.  247,  6,  closely.  Here  the  north  pole  of  a  magnet  is  being 
pushed  along  the  steel  bar  in  the  direction  shown.  Accord¬ 
ing  to  the  theory  the  molecules  shift  their  position.  At  the 
right-hand  side  of  the  bar,  over  which  the  magnet  has  just 
passed,  the  molecules  are  arranged  in  a  systematic  fashion. 
The  south  poles  of  the  molecules  are  being  turned  toward 
the  north  pole  of  the  magnet  as  it  is  drawn  along  the  bar. 
The  magnet  has  not  yet  reached  the  left-hand  end  of  the 
bar,  and  the  molecules  there  have  not  as  yet  changed  their 


Magnetism  may  be 
explained  in  terms 
of  the  molecular 
theory 
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position.  As  the  magnet  is  moved  from  right  to  left  along 
the  bar,  lifted,  and  moved  right  to  left  again,  time  after 
time,  all  the  molecules,  according  to  the  theory,  become 
arranged  in  systematic  fashion  as  shown  in  Fig.  247,  c.  Now 
we  say  that  the  bar  is  magnetized.  Do  you  see  how  the 
molecular  theory  is 
used  to  explain  mag¬ 
netism  ? 

But  why  does  a  bar 
of  hard  steel  become 
a  permanent  magnet  ? 

Y  ou  remember  we  said 
that  in  a  hard  sub¬ 
stance  the  molecules 
are  packed  together 
more  tightly  than  in  a 
soft  substance.  Thus 
the  molecules  in  a  bar 
of  hard  steel  cannot 
move  so  freely.  When 
once  arranged,  they 
tend  to  keep  their  ar¬ 
rangement.  In  terms 
of  this  theory,  why  is 
a  bar  of  soft  iron  or  of 
soft  steel  a  temporary 
magnet?  In  the  softer 
substance  the  mol¬ 
ecules  move  more 
freely.  Therefore  they  do  not  keep  their  systematic  ar¬ 
rangement.  From  this  we  may  explain  why  the  hardest 
steel  holds  magnetism  longest. 

There  are  other  observations  that  may  be  explained  by 
this  theory.  Heating  a  bar  magnet  destroys  its  magnetism. 
This  would  be  expected,  for  according  to  the  molecular 
theory  heat  causes  the  molecules  to  move  faster  and  with 
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Fig.  247.  The  Molecular  Theory  may  be  used 
to  explain  Magnetism 

Asa  magnetized  iron  bar  is  drawn  along  an  un¬ 
magnetized  bar,  the  molecules  of  the  latter  tend 
to  arrange  themselves  in  an  orderly  fashion 
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greater  freedom.  As  the  molecules  move,  they  lose  their 
systematic  arrangement. 

Why  cannot  a  bar  of  zinc  or  copper  be  magnetized? 
According  to  the  theory  the  molecules  of  which  they  are 
composed  are  nonmagnetic. 


B.  How  may  the  Action  of  a  Compass  be  Explained? 


The  magnetic  compass  with  which  you  are  now  familiar 
is  not  new.  Its  use  in  navigation  has  been  recorded  as  early 
as  the  thirteenth  century.  Without  its  use  Columbus 
might  not  have  found  the  New  World.  Thus  the  compass 
has  played  a  very  important  part  in  the  whole  story  of 
exploration  and  discovery. 

The  behavior  of  a  compass  indicates  that  the  earth  itself 
has  magnetic  properties.  The  directions  toward  which  the 
The  earth  itself  needle  of  a  compass  points  (Fig.  248)  are 
possesses  magnetic  called  the  north  and  south  magnetic  poles, 
properties  Between  these  two  points  lines  of  force  run 

over  the  surface  of  the  earth,  just  as  lines  of  force  run  be¬ 
tween  the  poles  of  a  magnet.  A  compass  needle  takes  a 
position  which  is  parallel  to  these  lines  of  force. 

Notice  that  the  north  pole  of  a  compass  needle  is  at¬ 
tracted  to  the  north  magnetic  pole,  while  the  south  pole 
points  to  the  south  magnetic  pole.  Obvi¬ 
ously  the  north  magnetic  pole  must  have  the 
properties  of  the  south  pole  of  a  magnet, 
and  the  south  magnetic  pole  the  properties 
of  the  north  pole  of  a  magnet.  This  sup¬ 
position  would  explain  the  action  of  the  compass  needle. 
Remember,  then,  that  the  use  of  the  words  north  and  south 
in  connection  with  the  magnetic  poles  refers  to  their  lo¬ 
cation  and  not  to  their  properties. 

One  other  point  should  be  made  clear.  The  magnetic 
poles  are  not  in  the  same  positions  as  the  poles  of  the  earth's 
axis.  For  this  reason  the  compass  does  not  point  true  north 


The  centers  of 
magnetic  force 
upon  the  earth  are 
called  the  north 
and  south  mag¬ 
netic  poles 
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from  every  position  on  the  surface  of  the  earth.  The  mag¬ 
netic  pole  of  the  Northern  Hemisphere  is  located  at  71  degrees 
north  and  longitude  96  degrees  west.  This  point,  shown  in 
Fig.  249,  is  on  a  peninsula  in  the  northern  part  of  the  dis¬ 
trict  of  Keewatin  in  Canada.  It  is  near  the  meridian  that 
passes  through  Winnipeg.  The  south  magnetic  pole,  also 
shown  in  Fig.  249,  is 
at  latitude  73  degrees 
south  and  longitude 
156  degrees  east,  on  a 
meridian  passing  be¬ 
tween  Australia  and 
New  Zealand.  From 
this  you  can  see  that 
the  magnetic  pole  in 
northern  Canada  is 
about  1200  miles  from 
the  north  pole.  Thus 
an  observer  standing 
at  the  north  pole  of  the 
earth 's  axis  would  find 
that  the  north  pole 
of  his  compass  needle 
would  point  south. 

Similarly  an  observer 
at  the  south  pole  of  the  earth's  axis  would  find  that  the 
south  pole  of  his  compass  needle  or  free-swinging  magnet 
would  point  north. 

If  a  compass  needle  points  to  the  magnetic  north,  and 
this  point  is  not  the  same  as  the  geographic  north,  it  is 
obvious  that  a  compass  needle  does  not  The  magnetic  poles 
always  point  to  the  true  north.  In  fact,  do  not  correspond 
there  are  only  a  few  positions  m  which  it  the  geographic 
does.  In  other  words,  the  compass  needle  P°les 
is  said  to  deviate,  or  turn,  from  a  true  north  position. 
This  turning,  or  deflection,  varies  at  different  points.  In 
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Fig.  248.  A  Compass  is  used  to  tell  Direction 

The  directions  toward  which  the  needle  of  a 
compass  points  are  called  the  north  and  south 
magnetic  poles 


Fig.  249.  The  Magnetic  Poles  of  the  Earth  are  not  in  the  Same  Positions 
as  the  Poles  of  the  Earth’s  Axis 

For  this  reason  a  compass  needle  does  not  always  point  to  true  north.  From  a 
position  in  southern  Greenland,  what  direction  would  a  compass  needle  point? 
From  a  position  at  the  south  pole  what  direction  would  it  point  ?  Why  is  it  im¬ 
portant  to  know  the  location  of  the  magnetic  poles  ? 
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Fig.  250.  Accurate  Observations  have  made  it  Possible  to  map  the  Amount 
of  Deflection  from  True  North  in  Different  Positions  on  the  Continent  of 
North  America 

Of  what  value  do  you  think  such  a  map  as  this  would  be  to  navigators  ? 


Fig.  250,  lines  are  drawn  on  a  map,  showing  the  amount  of 
deflection  from  north  in  different  positions  on  the  continent 
of  North  America.  In  the  state  of  Maine  the  compass 
needle  points  20  degrees  west  of  true  north,  and  in  the 
state  of  Washington  it  points  25  degrees  east  of  true  north. 
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It  is  only  on  a  line  marked  0  that  the  compass  needle  takes 
a  true  north-and-south  position.  How  much  is  the  de¬ 
flection  in  the  region  where  you  live?  The  position  of  the 

magnetic  poles  slowly 
changes,  so  a  map  like 
the  one  in  Fig.  250 
must  be  continually 
revised. 

The  dip  of  a  com¬ 
pass  needle  is  another 
interesting  observa¬ 
tion.  If  such  a  needle 
is  mounted  as  shown 
in  Fig.  251,  so  that  it 
may  swing  in  a  ver¬ 
tical  plane,  it  may  be 
seen  that  it  does  not 
come  to  rest  in  a  posi¬ 
tion  tangent  to  the 
surface  of  the  earth, 
that  is,  at  right  angles 
to  a  line  drawn  from 
the  center  of  the  earth 
to  a  point  on  its  sur¬ 
face.  The  needle  is 
attracted  by  the  mag¬ 
netic  poles  of  the 
earth  in  just  the  same 
way  that  a  compass 
needle  is  attracted  by 
the  poles  of  an  ordinary  magnet.  In  the  Northern  Hemi¬ 
sphere  the  needle  dips  toward  the  north  magnetic  pole. 

The  lines  on  the  map  in  Fig.  252  show  positions  in  which 
the  dip  of  a  compass  needle  is  equal.  At  the  latitude  of 
Washington,  D.C.,  and  St.  Louis  the  dip  is  about  70 
degrees.  Over  the  magnetic  poles  the  dip  is  90  degrees. 


Fig.  251.  A  Dipping  Needle  illustrates  the 
Dip  of  a  Compass  Needle  toward  the  Mag¬ 
netic  Pole 

What  would  be  the  position  of  the  needle  if 
this  instrument  were  over  a  magnetic  pole  ? 
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Fig.  252.  The  Dip  of  a  Compass  Needle  is  Not  Equal  at  All  Points  on  the 
Surface  of  the  Earth 

What  is  the  dip  where  you  live  ? 


C.  What  is  an  Electromagnet? 

Perhaps  you  are  wondering  now  just  what  relationship 
magnets  bear  to  the  problem  of  current  electricity.  Only 
through  the  use  of  magnets  may  electrical  energy  be  used 
to  turn  the  wheels  of  industry.  Stated  in  simple  terms,  a 
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Ewing  Galloway 


Fig.  253.  The  Magnetic  Properties  of  a  Wire  are  illustrated  by  the  Effect 
on  the  Compass  as  a  Current  flows  through  the  Wire 

A,  switch  open ;  B,  switch  closed 


wire  carrying  a  current  has  magnetic  properties.  It  loses 
these  when  the  current  is  shut  off.  The  application  of  this 
fact  is  found  in  electrical  machinery,  where  the  magnetism 
of  wires  carrying  currents  acts  as  an  attracting  force  or  as  a 
repelling  force.  These  forces  may  be  applied  to  ring  a  bell, 
turn  the  wheels  of  a  motor,  and  do  other  things. 

Let  us  study  the  magnetic  properties  of  a  wire  carrying  a 
current.  Fig.  253  shows  two  dry  cells  connected  through  a 
switch.  The  apparatus  may  be  familiar  to  you,  for  you 
have  already  used  one  like  it  to  find  the  flow  of  current  in  a 
wire.  Turn  back  to  Fig.  139  on  page  252.  One  piece  of 
wire,  placed  in  a  north  and  south  direction,  passes  over  a 
compass  needle  mounted  on  a  stand.  When  the  needle 
comes  to  rest  (with  the  switch  open),  it  is  parallel  to  the 
wire.  When  the  switch  is  closed,  the  needle  will  swing  into 
a  position  that  is  at  right  angles  to  the  wire.  It  swings  back 
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into  a  position  parallel  to  the  wire  when  the  switch  is  again 
opened.  If  you  change  the  connections  of  the  switch  to 
the  cells  so  that  current  flows  through  the  a  wire  through 
wires  in  the  opposite  direction,  then  the  which  an  electric 

, .  .  i  •  i  n  current  is  flowing 

direction  in  which  the  compass  needle  possesses  magnetic 
points  will  be  reversed.  It  is  obvious  from  properties 
these  observations  that  the  wire  has  magnetic  properties. 
It  is  obvious  too  that  it  loses  these  magnetic  properties  as 
soon  as  the  circuit  is 
broken. 

There  are  other 
ways  in  which  you 
may  observe  the  mag¬ 
netic  properties  of  a 
wire  carrying  electric¬ 
ity.  One  length  of 
wire  attached  to  dry 
cells  may  be  passed 
through  a  sheet  of 
paper  as  shown  in  Fig. 

254.  If  iron  filings  are 
sprinkled  on  the  paper 
while  the  switch  is 
closed,  the  particles  of 
iron  will  take  a  circu¬ 
lar  arrangement  about 
the  wire.  The  lines  of 
force  seem  to  circle  the  wire.  A  small  compass  placed  along¬ 
side  the  wire,  as  shown  in  Fig.  254,  may  be  used  to  show  that 
the  wire  has  magnetic  properties.  Notice  that  the  compass 
needle  does  not  point  toward  the  wire.  It  takes  a  position 
that  is  tangent  to  a  circle  drawn  about  the  wire,  in  other 
words,  at  right  angles  to  its  diameter.  With  the  compass  in 
position  as  shown  in  Fig.  254  change  the  connections  with 
the  cells  and  cause  current  to  flow  through  the  wire  in  an  op¬ 
posite  direction.  How  does  the  change  affect  the  compass  ? 


Fig.  254.  The  Magnetic  Properties  of  a  Wire 
through  which  a  Current  of  Electricity  is 
flowing  may  be  shown  by  the  Iron  Filings 
around  a  Wire 

Notice  the  position  of  the  compass  needles 
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A  coil  of  wire  shows  the  properties  of  a  magnet  even 
more  strongly  than  does  a  single  length  of  wire.  When  a 
small  compass  is  placed  near  a  coil  of  wire,  as  shown  in 
Fig.  255,  the  compass  needle,  when  the  switch  is  closed, 
takes  a  position  that  is  parallel  to  the  length  of  the  coil. 
If  the  connections  to  the  cell  are  changed  so  that  current 

flows  through  the  coil 
in  the  opposite  direc¬ 
tion,  the  direction  in 
which  the  needle  of 
the  compass  points  is 
reversed .  E  vid  ently 
the  coil  has  properties 
similar  to  the  prop¬ 
erties  of  a  steel  mag¬ 
net.  By  reading  the 
compass  you  learn 
that  one  end  of  the 
coil  is  a  north  pole 
and  the  other  end  is  a 
south  pole.  But  since 
the  needle  of  the  com¬ 
pass  changes  direction 
when  the  direction  of 
the  current  changes, 
it  is  evident  that  the 
poles  change.  This  observation  is  important,  as  you  will 
see  a  little  later  when  you  study  the  dynamo  and  the  motor. 

Study  the  apparatus  in  Fig.  256.  This  shows  a  coil  of 
wire  wound  about  a  large  nail.  When  the 
switch  is  closed,  the  nail  shows  magnetic 
properties.  It  has  a  north  pole  and  a  south 
pole,  and  it  will  pick  up  objects  made  of 
iron.  It  seems  that  when  this  nail  was 
placed  inside  the  coil  and  the  current  was  turned  on,  the 
lines  of  force  observed  in  Fig.  255  passed  through  the  iron 


Fig.  255.  A  Coil  of  Wire  carrying  a  Current 
shows  the  Properties  of  a  Magnet  even  More 
Strongly  than  does  a  Single  Length  of  Wire 


Substances  possess¬ 
ing  magnetic  prop¬ 
erties  due  to  a 
current  of  elec¬ 
tricity  are  called 
electromagnets 
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Fig.  256.  An  Electromagnet  may  be 
made  by  Placing  a  Nail  inside  a  Coil  of 
Wire  through  which  Current  is  Flowing 


nail,  and  this  in  turn 
became  a  magnet.  You 
may  test  it,  following  the 
suggestions  in  Fig.  243. 
Notice  that  the  magnet 
may  be  made  stronger 
by  winding  more  wire 
about  it.  Notice,  too, 
that  the  nail,  being  of 
soft  steel,  loses  its  mag¬ 
netism  as  soon  as  the 
switch  is  opened. 

Here,  then,  is  another 
type  of  magnet.  Pre¬ 
viously  you  made  mag- 


Keystone 


Fig.  257.  Powerful  Electromagnets  are  used  in  Handling  Objects  made  of 
Iron  and  Steel 

The  principle  here  is  exactly  the  same  as  the  one  which  produced  the  effects 
you  saw  in  Fig.  256 
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nets  by  taking  a  piece  of  metal  already  magnetized  and 
transferring  its  magnetism,  so  to  speak,  to  an  unmag¬ 
netized  substance.  But  now  you  have  made  a  magnet 
by  passing  a  current  of  electricity  through  a  wire.  Such  a 
magnet,  called  an  electromagnet,  is  a  magnet  only  while  a 
current  flows  through  the  wire.  Powerful  electromagnets 
are  used  in  handling  objects  made  of  iron  and  steel.  The 

electromagnet  shown 
in  Fig.  257  is  a  bar 
of  soft  steel  wound 
with  many  turns  of 
wire.  It  is  a  magnet 
while  current  flows. 
When  the  current  is 
cut  off,  it  loses  its 
magnetism  and  drops 
the  load. 

Perhaps  your  ob¬ 
servations  of  this  elec¬ 
tromagnet  may  sug¬ 
gest  a  way  for  making 
a  permanent  magnet. 
Place  a  bar  of  hard 
steel  (a  file,  for  ex¬ 
ample)  inside  a  coil  of  wire,  as  shown  in  Fig.  258.  There 
are  many  turns  of  insulated  wire  in  this  coil.  The  wire  is 
joined  to  two  dry  cells  through  a  switch.  Notice  that  when 
the  switch  is  closed,  the  file  has  strong  magnetic  properties. 
Evidently  lines  of  force  flow  through  the  file.  From  your 
study  of  Fig.  247  you  may  suppose  that  the  molecules  of  iron 
in  the  steel  have  arranged  themselves  in  a  systematic  fashion. 
Do  you  see  why  ?  It  is  interesting  to  observe  that  you  can 
make  a  better  magnet  if,  while  the  current  is  running,  you  tap 
the  file  gently  with  a  hammer.  The  jarring  seems  to  assist 
in  getting  the  molecules  into  the  proper  arrangement. 

But  now  let  us  apply  what  you  have  learned. 


Fig.  258.  A  Permanent  Magnet  may  be  made 
by  Placing  a  Piece  of  Hard  Steel  inside  a 
Coil  of  Wire  carrying  a  Current 


457 


What  is  Current  Electricity  ? 

D.  What  causes  an  Electric  Bell  to  Ring? 

One  of  the  simplest  mechanisms  for  changing  electrical 
energy  into  energy  of  motion  is  an  electric  bell.  In  this 
instrument  energy  is  changed  through  the  use  of  an  electro¬ 
magnet.  Perhaps  you 
have  at  some  time 
taken  the  cover  off  an 
electric  bell.  If  so,  Fig. 

259  should  be  familiar 
to  you.  Notice  the  two 
coils  of  wire,  each 
wound  around  a  core 
of  soft  steel.  Notice, 
too,  that  each  core  is 
fastened  firmly  at  one 
end  to  a  bar  of  soft 
steel  called  a  yoke. 

With  this  arrange¬ 
ment  the  free  end  of 
each  core  is  a  pole  of  a 
U-shaped  magnet.  The 
winding  of  the  magnet 
itself  is  as  it  would  be 
if  you  were  to  wind 
the  wire  on  the  two 
ends  of  a  straight  bar 
and  then  bend  the  bar 
as  shown  in  Fig.  260. 

The  clapper  is  so  at¬ 
tached  to  a  piece  of 
metal,  called  an  armature,  that  it  may  move  back  and 
forth.  This  armature,  like  the  cores  of  the  magnet,  is  made 
of  soft  steel.  .  When  no  current  is  flowing,  it  is  held  away 
from  the  poles  of  the  magnet  by  a  spring.  A  spring  holds 
the  armature  firmly  against  a  contact  screw. 


Fig.  259.  An  Electric  Bell  rings  because  of 
the  Rapid  Magnetizing  and  Demagnetizing 
of  Electromagnets 


Can  you  trace  the  electric  circuit  through 
this  bell? 
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a 


U  UF 


Fig.  260.  Do  you  know  how  to  wind  an  Electromagnet? 

Notice  that  the  straight  bar,  a,  is  wound  and  that  the 
bar  is  then  bent,  as  in  b 


To  demonstrate  how  the  bell  works,  connect  it  with  a 
dry  cell  and  push  the  button.  What  happens?  Yes,  the 
bell  rings ;  but  what  is  the  explanation  ?  According  to  the 
electron  theory,  when  you  push  the  button  a  stream  of 
electrons  flows  toward  the  coils  from  the  binding  post  at¬ 
tached  to  the  zinc  plate.  From  the  coils  the  electrons 
flow  toward  the  contact  screw,  and  from  the  contact  screw 
toward  the  carbon  plate  in  the  center  of  the  cell.  There 
is,  then,  a  steady  flow  of  electrons  from  one  post  of  the 
cell,  through  the  bell  itself,  and  back  to  the  cell. 

As  soon  as  the  circuit  is  closed  by  pushing  the  button, 
the  coils  become  an  electromagnet.  But  immediately  the 
An  electric  bell  magnetic  force  pulls  the  bar  away  from 
rap^d  °Vaglget,°  ing6  contact  screw,  and  the  circuit  is 

ami  denfa^giTetiziifg  broken.  The  soft-steel  cores  of  the  elec- 
of  electromagnets  tromagnet  lose  their  magnetism  when  the 
circuit  is  broken,  and  the  spring  pushes  the  bar  back 
against  the  contact  screw.  Again  the  circuit  is  closed, 
again  the  bar  is  attracted  toward  the  magnet,  and  again 
the  contact  is  made  and  broken.  Each  time  the  bar  is 
pulled  toward  the  magnet  the  clapper  strikes  the  bell.  This 
making  and  breaking  of  the  circuit  continues  as  long  as  the 
circuit  through  the  push  button  is  kept  closed.  The  vi¬ 
brating  armature  is  obviously  an  automatic  mechanism 
for  making  and  breaking  an  electric  circuit.  If  you  will 
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Fig.  261.  Today  the  Cable  and  the  Telegraph  are  Important  Means  of 
Communication 

For  lack  of  space  it  is  impossible  to  indicate  all  lines  or  all  radio  stations 


follow  this  circuit  through  the  diagram  in  Fig.  259,  you  will 
see  that,  while  the  bell  is  ringing,  the  soft-steel  cores  are 
magnetized  and  demagnetized  at  the  rate  of  many  hundred 
times  per  minute. 

E.  How  does  a  Telegraph  Instrument  Work? 

The  first  telegraph  line  was  built  in  1844  between  Balti¬ 
more  and  Washington,  a  distance  of  40  miles,  from  direc¬ 
tions  furnished  by  Samuel  F.  B.  Morse.  Seven  years  later 
a  line  from  Washington  to  St.  Louis,  a  distance  of  1000 
miles,  was  completed.  This  was  considered  a  great  achieve¬ 
ment.  Yet  as  a  comparison  there  were  in  1927  over 
2,000,000  miles  of  telegraph  wire  in  the  United  States. 
During  that  year  215,000,000  telegrams  were  sent. 

A  few  years  after  the  first  telegraph  line  was  built,  tele¬ 
graph  cables  were  laid  across  the  ocean.  These  cables  con¬ 
sist  of  a  copper  wire  wrapped  with  steel  wire  and  rubber  to 
protect  and  insulate  it.  The  first  successful  cable  was  laid 
between  Dover  in  England  and  Calais  in  France  in  1851. 


460 


Man’s  Control  over  Electrical  Energy 


Fig.  262.  In  a  Telegraph  Circuit  the  Principles  of  the  Electromagnet  are 
applied  to  the  Key  and  Sounder 


Trace  the  operation  of  this  circuit  from  the  description  in  the  text 


The  first  cable  across  the  Atlantic  was  laid  in  1865.  There 
are  nearly  400,000  miles  of  ocean  cables  in  use  today,  as 
shown  in  Fig.  261.  The  charges  for  the  use  of  the  first  cable 
were  about  $100  for  each  message.  The  present  rate  is 
about  25  cents  per  word. 

The  tremendous  growth  of  the  telegraph  and  cable  really 
depends  upon  an  increasingly  efficient  application  of  the 
principles  of  the  electromagnet,  which  you  have  just 
studied.  A  telegraph  key  and  sounder  is  in  some  ways  like 
an  electric  bell.  In  its  simplest  form  the  sounder  is  an  elec¬ 
tromagnet  with  an  armature  mounted  over  it.  When  a  key 
is  pressed  to  close  the  circuit,  current  may 
is^necessary^art  A°w  through  the  coils  of  the  magnet.  The 
of  a  telegraph  in-  magnetic  force  draws  the  armature  at¬ 
tached  to  a  metal  rocker  arm  toward  the 
poles  of  the  magnet.  Study  the  circuit  in  Fig.  262.  When 
the  armature  is  pulled  downward  toward  the  magnet,  one 
end  of  the  rocker  arm  strikes  another  piece  of  metal,  caus¬ 
ing  a  sharp  click.  When  the  key  is  released,  the  circuit  is 
broken.  The  electromagnet  now  loses  its  magnetism,  and 
the  spring  pulls  the  armature  away  from  the  poles  of  the 
magnet.  This  causes  the  end  of  the  rocker  arm  to  strike  the 
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metal  above  it.  Again  a  click  is  produced.  A  short  interval 
between  the  clicks  of  the  arm,  as  the  armature  moves  down 

and  up,  produces  the 
effect  called  a  dot. 
If  there  is  a  longer 
interval  between  the 
clicks,  a  dash  is  made. 
A  trained  telegrapher 
knows  that  dot-dash 
( — )  is  the  letter  A. 
There  are  other  com¬ 
binations  of  dots  and 
dashes  to  make  the 
other  letters. 

The  first  sending 
and  receiving  instru¬ 
ments  (Fig.  263)  were  crude  affairs  compared  with  those 
in  use  today.  The  dot-dash  instruments  are  now  largely 
replaced  by  the  teletype  machines  illustrated  in  Fig.  264. 


Western  Union 


Fig.  264.  The  Modern  Telegraph  Instrument  is  a  Highly  Complex  Instru¬ 
ment  using  Many  Electromagnets 

As  the  message  is  typed  on  the  sending  instrument  at  the  left,  electromagnets 
cause  the  corresponding  letter  keys  to  strike  a  tape  on  the  receiving  end.  At 
the  right  a  clerk  is  shown  pasting  the  printed  tape  on  the  telegraph  blank 


International  Newsreel 


Fig.  263.  The  First  Telegraph  Instrument 
was  a  Crude  Affair 

The  model  of  Morse’s  first  instrument 
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The  message  to  be  sent  is  typed  on  one  of  these  machines. 
This  process  of  typing  operates  a  similar  machine,  having 
a  keyboard  like  a  typewriter,  in  the  station  to  which  the 
message  is  sent.  As  copy  is  typed  in  the  sending  station 
a  duplicate  copy  is  automatically  typed  on  a  strip  of  paper 
tape  in  the  receiving  station.  In  this  way  two  operators, 
many  miles  apart,  can  type  messages  back  and  forth,  each 
one  seeing,  as  fast  as  it  is  typed,  what  the  other  writes. 
Although  much  more  complex  than  the  simple  telegraph 
sounder,  these  machines  also  operate  by  means  of  electro¬ 
magnets.  Each  key  on  the  receiving  typewriter  is  oper¬ 
ated  by  a  separate  electromagnet.  When  the  proper  cir¬ 
cuit  is  closed  by  the  key  on  the  sending  end,  the  key  on 
the  receiving  typewriter  is  operated  by  the  electromagnet 
and  prints  that  particular  letter.  Such  machines  make  it 
possible  to  send  and  receive  messages  at  a  speed  much 
greater  than  that  of  even  the  most  expert  telegrapher. 

Teletype  instruments  may  be  made  to  set  type  for  print¬ 
ing  newspapers.  It  is  now  possible  to  type  news  on  a  tele¬ 
type  machine  in  New  York  City  and  have  it  set  up,  as  it 
is  typed,  for  printing  in  newspapers  in  England. 


F.  How  is  an  Electromagnet  used  to  turn  the 
Armature  of  a  Motor? 

Of  all  the  mechanisms  run  by  electrical  energy  the  elec¬ 
tric  motor  is  probably  the  most  important  in  our  modern 
civilization.  Consider  its  many  uses.  It  operates  the  time¬ 
saving  equipment  of  the  modern  housewife;  it  is  respon¬ 
sible, ‘too,  for  much  of  the  modern  high-speed  machinery 
which  plays  so  important  a  part  in  the  industry  of  today. 
As  you  look  at  a  commercial  motor,  you  may  be  struck 
by  its  seemingly  complex  nature.  It  is  a  complex  mecha¬ 
nism.  Yet  the  principles  which  explain  its  operation  are 
fairly  simple  and  may  easily  be  demonstrated  by  some 
simple  laboratory  experiments. 
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The  motor  is  another  application  of  the  electromagnet. 
At  least  one  of  the  magnets  in  any  motor  must  be  an  electro¬ 
magnet.  In  small  demonstration  motors 

-  ,  ,  ,  ,  An  electromagnet 

a  pair  of  permanent  magnets  may  be  used  js  a  necessary  part 

with  one  electromagnet.  In  commercial  of  an  electric 

motor 

motors,  however,  only  electromagnets  are 
used.  Let  us  study  a  small  demonstration  motor  like  the 
one  shown  in  Fig.  265.  Let  us  learn  the  essential  parts  of 
it  and  the  purposes  for 
which  each  part  is  used. 

In  this  motor  the  field 
magnets  are  made  of  hard 
steel.  They  are  therefore 
permanent  magnets.  Be¬ 
tween  the  poles  of  the  field 
magnets  is  the  armature. 

This  is  an  electromagnet. 

It  consists  essentially  of 
wire  wound  about  a  core 
of  soft  steel.  The  arma¬ 
ture  is  mounted  so  that  it 
may  turn  on  a  shaft.  Sur¬ 
rounding  the  shaft  is  the 

commutator.  Notice  that  it  is  made  in  two  parts  and  that 
these  parts  do  not  touch  each  other.  There  are  also  two 
metal  strips,  called  brushes,  that  rub  against  the  commu¬ 
tator  as  it  turns. 

As  you  examine  the  wiring  on  the  armature  (shown  in 
Fig.  265),  you  see  that  one  end  of  the  wire  is  attached  to 
one  part  of  the  commutator,  the  other  end  The  armature  be- 
of  the  wire  to  the  other  part.  Now  follow 
the  wire  from  the  commutator  toward  the 
end  of  the  electromagnet  that  is  marked  X. 

Notice  that  the  wire  is  continuous  from  one  end  of  the 
magnet  to  the  other  end.  If  you  follow  it,  you  see  that  this 
wire  is  finally  joined  to  the  other  part  of  the  commutator. 


Fig.  265.  The  Motor  is  Another  Appli¬ 
cation  of  the  Electromagnet 

The  principle  of  a  motor  may  be  demon¬ 
strated  in  this  simple  model.  What  are 
the  essential  parts  of  a  motor  ? 


comes  an  electro¬ 
magnet  as  current 
flows  through  the 
coil  of  wire 
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Now  follow  the  current  from  the  cells  through  the  arma¬ 
ture.  Think  of  the  electrons  entering  through  one  side  of 
the  commutator,  flowing  through  the  coils,  and  leaving 
through  the  other  side  of  the  commutator.  The  two  parts 
of  the  commutator  are  insulated  from  each  other,  as  shown 
in  Fig.  266.  Electrons,  then,  reach  the  coil  through  one 
part  of  the  commutator  and  leave  through  the  other  part. 
You  must  follow  closely  the  lines  in  the  diagram  to  see  this. 

Now  test  the  magnetism  of  the 
armature.  Remove  the  field  magnets 
but  leave  the  dry  cells  attached  to  the 
binding  posts,  as  shown  in  Fig.  267. 
Of  course  the  armature  does  not  turn 
without  the  field  magnets.  Bring  a 
compass  needle  near  one  pole  of  the 
magnet,  as  shown  in  Fig.  267,  a,  and 
determine  which  is  the  north  and  which 
the  south  pole.  Mark  the  north  pole 
with  a  piece  of  chalk.  With  your  hand 
turn  the  armature  half  a  turn  to  the 
position  shown  in  Fig.  267,  b.  Does 
the  north  pole  remain  the  north  pole  ? 
You  see  that  it  does  not.  The  poles 
reverse  as  the  armature  turns.  The  circuit  is  such  that 
electrons  may  flow  from  the  zinc  plate  of  the  cell  through 
j  the  brush  to  one  part  of  the  commutator. 

Jlectromagnetthe  From  here  the  circuit  continues  through 

reverse  as  the  the  coil  to  the  other  part  of  the  commuta- 
armature  turns 

tor.  The  parts  of  the  commutator  are 
separated  so  that  electrons  cannot  pass  directly  from  one 
to  the  other.  Therefore  the  electrons  must  pass  through  the 
coil.  From  the  second  part  of  the  commutator  the  circuit 
continues  through  the  brush  to  the  carbon  plate  of  the  cell. 

With  the  armature  in  the  position  of  Fig.  267,  a ,  the 
north  pole  is  at  the  right-hand  side  of  the  page.  Arrows 
indicate  the  direction  of  electron  flow  through  the  coil. 


Fig.  266.  Notice  that 
the  Two  Parts  of  a 
Commutator  are  insu¬ 
lated  from  Each  Other 

Why  is  this  necessary  ? 


What  is  Current  Electricity? 
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Fig.  267.  The  Poles  of  the  Electromagnet  in  the  Motor  reverse  as  the 
Armature  Turns 

When  the  armature  is  moved,  the  brushes  each  make  con¬ 
tact  with  the  other  part  of  the  commutator.  Now  the 
electrons  must  pass  through  the  coil  in  a  direction  which 
is  opposite  to  the  direction  in  which  they  flowed  in  the 
first  case. .  As  the  direction  of  flow  changes,  the  poles  of 
the  magnet  reverse.  The  N  pole  of  Fig.  267,  a,  is  the  S 
pole  of  Fig.  267,  b.  The  poles  reverse  every  time  the 
brushes  slip  from  one  part  of  the  commutator  to  the  other. 

Now  replace  the  field  magnets  and  start  the  motor 
running.  You  recall  that  unlike  magnetic  poles  attract  and 
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that  like  poles  repel  each  other.  The  armature  is  mounted 
so  that  it  turns  in  the  same  direction  as  the  hands  of  a 
clock.  In  Fig.  267  a  south  pole  of  the  armature  is  approach¬ 
ing  a  north  pole  of  the  field  magnets,  and  a  north  pole  of 
the  armature  is  approaching  a  south  pole  of  the  field 
magnets.  Thus  the  poles  of  the  field  magnet  are  attracting 
the  poles  of  the  armature.  But  just  as  the  poles  are  all  in 

line,  the  brushes  slip  to 
the  other  parts  of  the 
commutator  as  shown  in 
Fig.  267,  a,  and  Fig.  267, 
6,  and  the  poles  of  the 
armature  reverse.  The 
south  pole  becomes  a 
north  pole,  and  the  north 
pole  becomes  a  south  pole. 
Now  there  is  repelling 
force  between  the  poles 
of  the  armature  and  the 
poles  of  the  field  magnet. 
As  the  result  of  these 
attracting  and  repelling 
forces  the  armature  turns  round  and  round. 

Perhaps  you  have  a  demonstration  motor  in  which  the 
field  magnet  is  an  electromagnet.  A  diagram  of  such  a 
motor  is  shown  in  Fig.  268.  A  piece  of  wire  is  wound  about 
the  electromagnet.  The  ends  of  the  wire  are  attached  to 
the  binding  posts  at  A  and  B.  The  ends  of  the  armature  wire 
are  connected,  through  the  brushes,  to  these  same  posts. 
When  the  circuit  is  closed,  electrons  flow  through  the  field 
coil  and  through  the  armature  coil,  making  the  field  magnet 
an  electromagnet.  The  field  coil  is  of  fine  wire,  and  there 
are  many  turns  of  it.  The  armature  coil  is  of  coarser  wire, 
and  there  are  fewer  turns  of  it.  The  coarser  wire  of  the 
armature  offers  less  resistance  to  the  flow  of  current,  and 
more  current  passes  through  it  than  through  the  field  coil. 


Armature  coil 


Fig.  268.  In  Most  Motors  the  Field 
Magnet  is  an  Electromagnet 

Can  you  trace  the  flow  of  current  through 
this  simple  motor? 
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What  is  Current  Electricity? 

The  flow  of  current  makes  both  coils  magnetic.  The  direc¬ 
tion  of  flow  of  electrons  through  the  field  coil  does  not 
change  while  the  motor  is  running,  so  the  poles  of  the  field 
magnet  do  not  reverse.  The  poles  of  the  armature,  how¬ 
ever,  reverse  with  each  revolution,  regardless  of  whether 
the  field  magnet  is  an  electromagnet  or  a  permanent  magnet. 

A  demonstration  motor  like  the  one  you  have  just  ex¬ 
amined  would  not  be 
very  satisfactory  for 
the  electric  sweeper  or 
for  any  other  practical 
use.  It  is  obvious  that 
such  a  motor  could 
not  exert  much  force. 

A  motor  with  four 
field  poles  and  four 
poles  on  the  arma¬ 
ture  would  run  more 
smoothly  and  with 
more  efficiency  than 
a  motor  with  but  two 
poles.  Such  a  motor 
is  shown  in  Fig.  269. 

There  are  as  many 
parts  in  the  commutator  as  there  are  poles  on  the  arma¬ 
ture.  Commercial  motors  work  on  the  same  principle,  but 
they  are  more  complex  in  that  they  have  more  poles. 

Small  motors  are  used  for  many  purposes.  They  sweep 
the  floor,  wash  the  clothes,  and  run  the  sewing  machines. 
Larger  motors  run  street  cars,  electric  trains,  and  heavy 
machinery.  Thus  electrical  energy  is  used  to  do  work  in 
place  of  muscular  energy. 

Each  of  these  mechanisms  —  the  electric  bell,  the  tele¬ 
graph,  and  the  motor  —  may  be  operated  with  electrical 
energy  that  has  been  carried  over  wires  for  long  distances. 
The  power  house  from  which  energy  comes  may  be  many 
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Fig.  269.  A  Motor  with  Four  Field  Poles 
and  Four  Poles  on  the  Commutator  runs 
more  smoothly  than  a  Motor  with  Two  Poles 

Can  you  explain  why? 
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miles  from  the  machinery  in  which  the  energy  is  used. 
Electricity  is  of  great  importance  in  the  life  of  today  because 
it  may  be  carried  conveniently  over  wires  to  the  place 
where  it  is  needed.  Through  the  use  of  electromagnets 
electricity  may  be  changed  easily  to  other  forms  of  energy 
and  used  to  do  work. 


Current  electricity  is  a  flow  of  electrons  along  a  conductor. 
Certain  substances  possess  magnetic  properties.  A  wire  carry¬ 
ing  a  current  of  electricity  has  magnetic  properties.  An  elec¬ 
tromagnet  is  a  core  of  soft  iron  or  soft  steel  wound  about  with 
a  wire  carrying  an  electric  current.  The  electromagnet  is  an 
essential  part  of  many  common  instruments,  such  as  the  elec¬ 
tric  bell,  the  telegraph,  and  the  electric  motor. 


Can  You  Answer  these  Questions  ? 

1.  How  may  the  action  of  a  magnet  be  explained?  Why  do 
some  substances  form  permanent  magnets  while  others  do  not? 

2.  What  is  meant  by  lines  of  force  ? 

3.  What  is  meant  by  the  deflection  of  a  magnetic  needle  ?  by 
the  dip  ?  Of  what  importance  are  these  phenomena  in  navigation  ? 

4.  What  are  the  differences  between  an  electromagnet  and  a 
bar  magnet  ?  How  may  these  differences  be  explained  ? 

5.  What  are  the  essential  parts  of  an  electric  bell,  and  how  do 
they  function  in  causing  the  bell  to  ring  ? 

6.  What  part  do  the  principles  of  magnetism  play  in  a  tele¬ 
graph  circuit? 

7.  Why  is  the  armature  magnet  in  a  motor  an  electromagnet  ? 

8.  Why  is  it  important  that  the  two  parts  of  the  commutator 
should  not  be  connected  to  each  other? 

9.  What  is  meant  by  the  statement  that  the  polarity  of  the 
armature  changes  as  this  part  turns  ?  Of  what  importance  is  this 
in  the  proper  operation  of  the  motor  ? 

10.  Of  what  use  are  the  brushes? 
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Questions  for  Discussion 

1.  If  you  joined  the  two  ends  of  a  bar  magnet  with  a  piece  of 
wire,  would  this  wire  too  have  the  properties  of  a  magnet  ? 

2.  Why  should  the  magnetizing  of  a  watch  have  any  effect 
upon  its  proper  time-keeping  ? 

3.  Why  do  you  think  the  lines  of  deflection  and  dip  in  Figs.  251 
and  252  are  wavy  and  not  straight? 

4.  WThy  should  the  direction  of  flow  of  electric  current 
through  a  wire  affect  the  direction  of  a  compass  needle  ? 

5.  You  may  have  heard  electric  bells  in  which  the  hammer  gives 
just  one  loud  stroke  instead  of  ringing  steadily.  What  changes 
should  be  made  in  the  bell  in  Fig.  259  to  make  this  possible? 

6.  Why  should  a  motor  with  four  field  poles  and  an  equal  num¬ 
ber  of  poles  on  the  armature  run  more  smoothly  and  with  more 
efficiency  than  one  with  but  two  poles  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Set  up  a  telegraph  line  between  your  house  and  a  neighbor’s. 

2.  Faraday  and  Henry,  one  in  England  and  the  other  in 
America,  discovered  nearly  the  same  things  at  the  same  time. 
See  how  many  other  examples  you  can  find  wfliere  two  inventors, 
discoverers,  or  explorers  found  the  same  or  nearly  the  same  things 
at  nearly  the  same  time.  Another  example  would  be  that  of 
Scott  and  Amundsen,  who  reached  the  south  pole  only  a  short 
time  apart. 

3.  Read  the  statements  along  the  sides  of  the  pages  in  this 
chapter  and  decide  which  you  can  test  out  for  yourself  through 
simple  laboratory  experiments.  Try  your  experiments,  and  build 
a  report  on  some  such  form  as  the  following : 


Principle  Experiments  which  I  tried 

Conclusions 

1 

4.  Write  a  short  biography,  similar  to  those  in  this  book,  of 
Henry,  Morse,  or  Field. 


Chapter  XXII  •  How  is  Electrical  Energy 
generated  from  Coal  and  Falling  Water 

Think  through  the  events  of  a  modern  day  if  you  will, 
and  list  some  in  which  electricity  plays  a  part.  This  list  is 
easy  to  make  if  you  live  in  a  city,  for  electricity  is  your 
constant  servant  from  the  time  you  rise  in  the  morning 
until  the  time  you  go  to  bed  at  night.  If  you  live  in  the 
country,  perhaps  it  is  a  little  more  difficult  to  do.  Yet 
consider  the  radio,  the  telephone,  the  newspaper,  the  auto¬ 
mobile,  the  railroad,  —  all  the  things  which  make  your 
life  so  different  from  that  of  your  grandparents. 

Suppose  someone  asked  you,  "Where  does  that  elec¬ 
tricity  come  from?"  You  might  answer,  "From  the  power 
house  in  town,"  or  "From  the  hydroelectric  station  down 
the  river."  "But,"  the  person  who  asked  the  question 
might  say,  "that's  not  the  answer  I  want.  How  does  the 
power  house  or  the  hydroelectric  station  generate  this 
electricity?"  That  seems  a  very  difficult  question,  doesn't 
it  ?  And  so  it  is  if  you  attempt  to  follow  the  process  through 
the  very  complex  masses  of  machinery  which  you  find  in 
such  an  electric  plant.  But  if  you  will  confine  your  answer 
to  a  statement  of  the  principles  which  govern  the  operation 
of  the  electric  generator,  you  will  find  that  the  question  is 
not  so  difficult  after  all. 

Recall  some  of  the  things  you  already  know.  You  have 
learned  that  (1)  electricity  may  be  produced  by  chemical 
action,  (2)  a  wire  carrying  a  current  shows  magnetic  prop¬ 
erties,  and  (3)  electromagnetism  may  be  controlled  and 
used  to  run  motors. 

Electricity  is  energy  in  one  of  its  most  easily  usable  forms. 
Energy  in  the  form  of  electricity  is  essential  to  the  operation 
of  many  kinds  of  machinery.  Automobiles,  airplanes,  railway 
equipment,  and  home  appliances  include  electrical  devices. 
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A.  How  does  a  Simple  Generator  Work? 

Do  you  remember  how,  a  short  time  ago,  you  found  that 
a  piece  of  iron  or  steel  is  magnetized  when  placed  inside  a 
coil  of  wire  that  is  carrying  an  electric  current  ?  Turn  back 
to  Fig.  256  if  you  wish  and  refresh  your  memory.  But 
what  do  you  think  would  happen  if  the  conditions  were 
reversed  ?  Suppose  you  try  it. 

Attach  the  terminals  of  a  coil  of  wire  to  a  sensitive 
galvanometer,  which  as  you  know  is  an  instrument  for 
revealing  flow  of  current.  Thrust  a  bar  . 

magnet  into  the  coil,  as  illustrated  in  magnetism^6 us^d 
Fig.  270.  Notice  the  needle  of  the  galva-  ^  *e  generating 

xt  •  ■ -i  .  ,  , . .  of  electricity 

nometer.  Now  with  a  quick  motion  remove 
the  magnet  from  the  coil.  Again  observe  the  needle  of  the 
galvanometer.  Did  you  notice  any  difference  in  the  move¬ 
ment  of  the  needle  as 
the  bar  magnet  was 
pushed  into  the  coil 
and  back  again?  If 
you  observed  the  gal¬ 
vanometer  closely, 
you  saw  that  the 
needle  swung  in  one 
direction  as  the  mag¬ 
net  was  thrust  into 
the  coil,  and  in  the 
opposite  direction  as 
the  magnet  was  re¬ 
moved  from  the  coil. 

What  explanation  is 
there  for  this?  Evi¬ 
dently  there  is  a  flow 
of  electricity  through 
the  coil.  The  magnet  seems  to  cause  a  flow  of  electrons 
in  one  direction  when  the  magnet  is  moved  into  the  coil, 


Fig.  270.  The  Principle  of  Magnetism  is  used 
in  the  Generating  of  Electricity 

Do  you  know  why  the  galvanometer  registers 
an  electric  current  in  this  experiment? 
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and  in  the  opposite  direction  when  the  magnet  is  removed. 
The  back-and-forth  motion  of  the  magnet  causes  electrons 
to  move  back  and  forth  in  the  wire. 

Let  us  try  another  experiment.  Attach  a  small  motor 
such  as  the  one  used  in  Chapter  XXI  to  the  galvanometer, 
as  shown  in  Fig.  271.  Spin  the  armature  of  the  motor  with 


Fig.  271.  This  Simple  Motor  acts  as  a  Generator  when  the  Electromagnet 
is  turned  between  the  Poles  of  the  Field  Magnet 

Is  the  principle  here  the  same  as  that  shown  in  Fig.  270  ? 

your  finger  and  observe  the  galvanometer.  Notice  that  a 
current  of  electricity  is  flowing  through  the  galvanometer 
while  the  armature  is  turning.  Once  again  you  have  gener¬ 
ated  a  small  amount  of  electricity,  this  time  using  a  simple 
motor  as  a  generator. 

What  is  the  origin  of  this  electric  current?  Study 
Fig.  265  a  little  more  closely.  This  simple  generator  has  a 
pair  of  permanent  magnets  which  together  form  what  is 
called  the  field  magnet.  There  is  an  armature,  which  is  a 
bar  of  iron  wrapped  with  wire.  The  terminals  of  the  coil 
are  attached  to  the  parts  of  the  commutator.  These 
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parts  are  in  contact  with  brushes;  wires  lead  from  the 
brushes  to  the  binding  posts,  and  from  there  to  the  galva¬ 
nometer.  Now  use  your  imagination  and 
picture  a  magnetic  field  between  the  bar  ther/isTmag- 
magnets  in  Fig.  271.  Do  you  see  it?  If  nedc  field  between 

1  ,  ,  ,  ,,  J.J  the  field  magnets 

you  do,  you  see  that  what  you  really  did 

with  the  simple  generator  was  to  spin  the  armature  in  a 

magnetic  field.  This  is  what  caused  the  flow  of  electricity. 

The  principle  illus¬ 
trated  here  is  the  same 
as  the  principle  which 
governs  the  genera¬ 
tion  of  electricity  for 
lighting  streets  and 
homes.  From  its  ap¬ 
plication  you  should 
be  able  to  answer  the 
question  of  what  is  an 
electric  generator.  In 
simplest  terms  it  is  a 
machine  built  so  that 
forces  may  be  applied 
to  move  a  coil  of  wire 
within  a  magnetic 
field,  as  in  the  case  of 
your  generator,  or, 
what  amounts  to  the 
same  thing,  to  move  a  magnetic  field  within  a  coil  of  wire, 
as  illustrated  by  the  simple  experiment  with  the  bar  magnet. 

The  small  generator  used  in  your  experiment  produces 
current,  but  it  does  not  produce  very  much.  The  mag¬ 
nets  are  not  powerful,  and  on  account  of  the  manner  in 
which  the  generator  is  constructed  only  a  small  force  can 
be  applied  to  turn  the  armature.  But  suppose  the  mag¬ 
netic  field  were  more  powerful.  Suppose  the  shaft  were 
turned  by  a  driving  belt  from  a  steam  engine,  as  shown 


Ewing  Galloway 

Fig.  272.  The  Principle  of  the  Commercial 
Generator  shown  here  is  the  Same  as  that 
of  the  Demonstration  Generator  which  you 
observed  in  Fig.  271 

The  chief  differences  are  (1)  that  the  magnetic 
field  is  more  powerful  and  (2)  that  the  shaft  is 
turned  by  mechanical  power 
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in  Fig.  272.  Obviously  a  more  powerful  current  would 
come  from  such  a  dynamo. 

But  remember  that  even  the  large  dynamos  that  supply 
electricity  for  lighting  homes  and  streets  work  on  the  prin¬ 
ciple  that  you  have  just  found.  The  differ¬ 
ence  in  results  is  one  of  size  and  quantity. 
There  are  many  coils  of  wire  on  the  shaft 
that  turns  inside  the  dynamo  in  the  power 
station.  There  is  a  strong  magnetic  field 
about  the  shaft.  When  the  shaft  turns, 
therefore,  the  coils  of  wire  cut  many  magnetic  lines  of 
force.  Energy  from  the  rotating  magnets  causes  electrons 
to  move  in  the  wires.  This  energy  of  electrons  driven  along 
by  the  rotating  magnets  lights  homes  and  streets,  and  runs 
electrical  machinery. 


The  electricity 
from  a  generator  is 
thought  of  as  a 
flow  of  electrons 
driven  along  by 
rotating  a  coil  of 
wire  in  a  magnetic 
field 


B.  What  is  an  Alternating-Current  Generator? 

You  have  seen  electricity  generated.  But  how  is  it  led 
away  from  the  generator  ?  To  answer  this  question  we  shall 
have  to  experiment  some  more.  In  your  science  laboratory 
you  may  find  a  generator  like  the  one  in  Fig.  273.  Notice 
that  the  field  magnet  is  an  electromagnet.  Notice,  too,  that 
a  coil  of  wire  is  so  mounted  on  the  shaft  that  it  may  be 
turned  within  the  magnetic  field.  If  you  follow  the  ends  of 
the  wires  making  up  this  coil,  you  will  find  that  one  of  them 
is  attached  to  one  metal  ring  mounted  on  the  shaft,  and  the 
other  to  another  metal  ring. 

Brass  strips,  called  brushes,  are  so  mounted  that  they 
press  against  the  metal  rings.  Wires  leading  to  the  galva¬ 
nometer  are  joined  through  the  binding  posts  to  the 
brushes. 

Now  turn  the  coil  by  means  of  the  handle,  and  watch 
the  needle  of  the  galvanometer.  Notice  that  during  one 
part  of  a  turn  the  needle  swings  to  the  right,  and  during 
another  part  of  the  turn  it  swings  to  the  left.  This  obser- 
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Fig.  273.  In  an  Alternating-Current  Generator  the  Current  flows  first  in 
One  Direction  and  then  in  the  Other 
How  does  this  set-up  differ  from  that  in  Fig.  276? 


vation  is  familiar  to  you,  for  you  saw  the  same  thing  when 
you  pushed  a  bar  magnet  into  a  coil  of  wire  and  then  re¬ 
moved  it.  As  a  result  you  can  decide  that  T  . 

In  an  alternating- 

as  the  coil  is  turned  between  the  poles  of  current  generator 
the  field  magnet,  electrons  flow  back  and  fjj.®tc£rr0e“e  dhrec- 
forth  through  the  wire.  Since  the  wire  tion  and  then  in 
forms  a  continuous  circuit  through  the  tlie  other 
galvanometer,  the  needle  swings  back  and  forth  as  the  coil 
is  turned  round  and  round.  A  machine  which  operates 


on  this  principle  is  called  an  alternating-current  generator. 


Why?  Because  the  direction  of  current 
flow  alternates,  or  flows  first  in  one  direc¬ 
tion  and  then  in  the  other.  Why  does 
the  current  alternate  ?  Study  the  diagrams 
in  Fig.  274,  a  and  6.  As  the  coil  turns  to 
the  position  shown  in  Fig.  274,  a,  it  is 


The  greatest  flow 
of  current  is  in¬ 
duced  when  the 
armature  cuts 
through  the  great¬ 
est  number  of  lines 
of  force 


cutting  the  greatest  number  of  lines  of  force.  In  this  posi¬ 
tion  there  is  the  greatest  flow  of  current.  In  Fig.  274,  b, 
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Fig.  274.  Current  is  Greatest  as  Coil  moves  through  Position  shown  in  a. 
The  Direction  of  Flow  changes  as  Coil  moves  through  Position  shown  in  b 


the  coil  is  catting  the  smallest  number  of  lines  of  force. 
Therefore  the  smallest  amount  of  current  is  flowing.  As 
you  follow  the  coil  through  a  half-turn,  then,  the  amount 
of  current  changes  from  least  to  greatest  and  back  to  least. 
Through  the  next  half-turn  it  changes  in  the  same  way. 

Now  follow  the  position  of  the  wire  marked  with  the 
letter  X.  Through  one  half-turn  this  section  of  the  wire  is 
cutting  in  one  direction,  say  downward  ;  through  the  other 
half-turn  it  is  cutting  in  the  opposite  direction.  As  it 
moves  from  one  half-turn  to  the  next,  the  direction  in 
which  it  cuts  the  lines  of  force  changes.  At  the  same  time, 
as  you  have  seen,  the  direction  of  current  flow  changes. 

C.  What  is  a  Direct-Current  Generator? 

Perhaps  you  have  seen  the  label  "A. C.  or  D.C.”  on  an 
electrical  instrument.  Perhaps  you  have  seen  a  caution : 
.p,  „  "Use  only  on  A.C.  circuits."  Evidently 

I  here  are  tw  o  J 

types  of  genera-  there  are  two  types  of  current.  But  what 
tors,  A.  C.  and  D.  C.  ^oeg  jj  q  mean  ?  It  is  an  abbreviation  for 

Direct  Current ,  just  as  A.C.  is  an  abbreviation  for  Alternat¬ 
ing  Current .  What  is  the  difference  between  them  ? 


Fig.  275.  Michael  Faraday,  a  Famous  Pioneer  in  the  Develop¬ 
ment  of  this  Age  of  Electricity  ( 1791-1867 ) 

A  young  bookbinder,  given  a  ticket  to  a  scientific  lecture,  sitting  attentively 
before  the  great  Sir  Humphry  Davy  in  the  crowded  auditorium  of  the  Royal 
Institution,  —  who  would  guess  that  this  uneducated  boy  was  to  become  per¬ 
haps  the  greatest  original  experimenter  the  world  has  ever  known?  •  Davy  was 
the  most  prominent  chemist  in  England.  Faraday  had  had  little  schooling;  but 
he  had  read  some  books  on  chemistry,  and  he  knew  what  he  wanted.  He  wrote 
to  Davy  and  asked  for  a  job.  He  got  one  as  laboratory  bottle-washer.  The 
story  goes  that  Davy  soon  realized  he  had  made  his  greatest  discovery;  he  had 
found  Faraday  •  Faraday’s  early  work  was  in  chemistry,  but  he  soon  became 
interested  in  electricity  and  magnetism.  Oersted  had  discovered  that  a  cur¬ 
rent  flowing  through  a  wire  wdll  deflect  a  compass  needle.  There  must  be,  then, 
some  connection  between  magnetism  and  electricity.  Faraday  reasoned  that 
if  electricity  can  produce  an  effect  on  a  magnetic  needle,  then  a  magnet  might 
be  made  to  produce  a  current  of  electricity.  He  experimented  by  pushing  a 
magnet  into  a  coil  of  wire,  and  got  an  electric  current.  He  made  the  first  dy¬ 
namo.  This  invention  made  possible  the  extensive  use  of  electricity  and  the 
easy  means  of  changing  electricity  into  other  forms  of  energy  •  Faraday  re¬ 
fused  to  accept  a  knighthood  for  his  achievements.  Neither  he  nor  his  wife 
cared  for  fame.  He  refused  to  become  a  commercial  expert  and  adviser  be¬ 
cause  it  would  leave  him  no  time  to  experiment.  Head  of  the  Royal  Institution 
for  nearly  forty  years,  his  chief  recreation  was  giving  Saturday-morning  lec¬ 
tures  to  children.  Today  in  his  memory  the  most  prominent  English  scientists 
still  carry  on  these  lectures. 
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Fig.  276.  How  does  the  Position  of  the  Brushes  in  this  Direct-Current 
Demonstration  differ  from  the  Set-up  in  Fig.  273? 

Is  the  commutator  different? 

Now  set  the  brushes  of  your  simple  generator  as  shown 
in  Fig.  276.  Notice  that  the  brushes  are  now  shown  in  con¬ 
tact  with  the  split  ring  of  a  commutator.  Study  the  diagram 
in  Fig.  276.  As  you  can  see,  there  are  two  parts  in  the  ring. 
One  end  of  the  armature  coil  is  joined  to  one  part,  the 
other  end  to  the  other  part.  If  you  will  turn  the  shaft,  you 
will  notice  that  the  brushes  slip  from  one  part  to  the  other. 
Observe  the  needle  of  the  galvanometer.  It  swings  in  only 
one  direction.  Why  should  this  be  ?  Does  the  difference  in 
the  position  of  the  brushes  affect  the  current?  Let  us  see. 

In  this  generator  the  coil  itself,  as  it  rotates,  cuts  through 
the  magnetic  field  in  exactly  the  same  way  as  it  did  in  the 
in  a  direct-current  alternating-current  generator.  Thus  elec- 

generator  the  cur-  trons  flow  back  and  forth  in  the  coil  just 
rent  flows  in  a  con-  ,  „  .  , .  . .  , 

tinuous  circuit,  in  as  before,  moving  m  one  direction  during 

one  direction  one  part  Gf  the  turn,  and  in  another  direc¬ 

tion  during  another  part  of  the  turn.  But  what  happens  to 
them  when  they  enter  the  wire  ?  Imagine  them  moving,  in 
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the  wire,  through  one  part  of  the  ring  into  the  brush,  from 
there  to  the  galvanometer,  and  then  back  to  the  coil 
through  the  other  part.  Notice  that  you  have  a  complete 
circuit.  Now  turn  the  coil  very  slowly.  Imagine  that  the 
galvanometer  needle  swings  to  the  right.  Keep  turning  the 
coil.  The  needle  moves  back  toward  the  center  of  the  dial. 
But  just  as  it  is  back  at  the  center,  the  brushes  slip  from 
one  part  of  the  ring  to  the  other.  Now  while  electrons  flow 
in  the  opposite  direction  through  the  coil,  they  still  move 
in  the  same  direction  through 
the  galvanometer.  Thus  the 
needle  swings  again  in  the 
same  direction  as  before.  As 
the  shaft  is  turned,  then,  the 
needle  swings  from  the  center 
of  the  dial  but  always  in  the 
same  direction.  There  is  a 
pulsating,  or  throbbing,  cur¬ 
rent,  of  course,  but  it  always 
flows  in  the  same  direction 
through  the  galvanometer. 

When  the  crank  is  turned 
rapidly,  the  pulsations,  or 
beats,  come  so  close  together 
that  the  current  seems  to  be  continuous.  Perhaps  a  study 
of  the  diagram  in  Fig.  277  will  make  this  clearer.  Can  you 
follow  the  flow  of  electrons  through  this  diagram  ? 

The  current  commonly  supplied  for  houses  and  streets 
is  alternating.  It  is  satisfactory,  and  indeed  more  desirable 
than  direct  current,  for  most  purposes.  There  are  some 
industrial  purposes,  however,  for  which  direct  current  must 
be  used,  such  as  in  charging  storage  batteries,  in  electroplat¬ 
ing,  and  in  electrolysis.  You  may  learn  more  about  these 
processes  at  a  later  time.  Battery  current  is  always  direct 
current.  For  certain  purposes  direct  current  must  be 
changed  to  alternating. 


Fig.  277.  In  a  Direct-Current  Gen¬ 
erator  the  Current  flows  as  a  Pul¬ 
sating  Current  in  One  Direction 
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D.  How  is  the  Energy  of  Coal  and  Falling  Water 
changed  into  Electrical  Energy? 

You  have  now  studied  through  experiments  the  prin¬ 
ciples  which  govern  the  generation  of  electric  current.  The 
quantity  of  electrical  energy  generated  by  the  laboratory 
instruments  you  have  used  was  of  course  so  small  as  to 
have  no  practical  value.  As  you  look  around  you  and  see 
the  universal  use  of  electricity,  it  is  obvious  that  the  same 
principles  you  have  observed  must  be  applied  on  a  large 
scale.  So  they  are  in  the  modern  power  house.  Let  us 
study  this  application. 

Have  you  ever  visited  a  power  plant?  You  recall  hearing 
the  hum  of  many  generators  like  those  shown  in  Fig.  278. 
What  a  contrast  there  is  with  the  tiny  generator  shown  in 
Fig.  265!  Yet  they  work  on  the  same  principle.  In  gener¬ 
ators  such  as  those  in  Fig.  278  enormous  coils  of  wire  are 
turned  through  a  strong  magnetic  field.  As  a  result  a  power¬ 
ful  current  of  electricity  is  set  up  and  carried  away  in  the 
wires  leading  from  the  generator.  If  you  could  look  at  this 
generator  in  action,  you  would  see  that  the  shaft  is  turning 
in  a  power  plant  very  smoothly  at  a  speed  of  about  a  hundred 
the  simp  1^  gen  era  ^UrnS  a  minute.  If  yOU  will  think  about 
tor  are  applied  on  the  matter,  you  will  realize  that  you  are 
a  large  scale  seeing  on  a  large  scale  what  you  saw  on  a 

small  scale  when  you  thrust  a  magnet  into  a  coil  of  wire  or 
when  in  your  simple  generator  you  turned  the  coil  with 
your  finger  between  the  poles  of  the  pair  of  field  magnets. 
In  either  case  you  can  come  to  the  conclusion  that  as  a  coil 
of  wire  is  turned  round  and  round  in  a  magnetic  field,  elec¬ 
trons  move  back  and  forth  in  the  wire.  In  the  power  plant, 
wires  lead  from  the  generator  to  the  lights  in  streets  and 
homes,  and  the  lights  glow  as  electrons  flow  back  and  forth 
through  them. 

While  these  large  generators  are  common  to  all  power 
plants,  there  is  one  big  difference  between  those  found  in 
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Fig.  278.  The  Principles  of  the  Simple  Generator  which  you  have  observed 
are  applied  even  in  Generators  as  Powerful  as  This 

The  picture  shows  the  generator  floor  of  a  hydroelectric  plant 

various  generating  plants.  This  may  be  brought  out  by  a 
question.  What  type  of  energy  is  used  to  turn  the  shaft, 
or,  as  it  is  called,  the  rotor,  of  the  gener-  Coal  and  fallinff 
ator?  Perhaps  on  your  visit  to  a  modern  water  are  sources 
power  plant  you  found  near  by  a  large  be^d^n^he11137 
steam-generating  plant  which  changed  the  generating  of 
energy  of  coal  into  the  mechanical  energy  electriclt> 
which  turned  the  rotor.  Or  perhaps  you  found  that  the 
plant  was  a  hydroelectric  one  in  which  the  energy  of  fall¬ 
ing  water  did  the  work.  Both  these  types  of  energy  are 
used  today  for  the  purpose  of  generating  electric  power. 
The  use  of  hydroelectric-power  generation  is  increasing, 
however,  and  may  some  day  be  the  most  frequently 
used  type.  Perhaps  you  can  think  of  some  reasons  for 
this.  Which  source  of  energy  is  most  likely  to  disappear? 


Powers:  Science.  Ill 
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Fig.  279.  Large  Generating  Plants  Similar  to  this  one  change  the  Energy 
of  Coal  into  Electricity 

Above,  the  Hell  Gate  power  station  in  New  York  City.  Below,  part  of  the 
generator  floor.  The  steam  turbines  at  the  left  turn  the  generators  at  the  right 

In  Fig.  279  is  shown  one  of  the  largest  generating  plants 
in  the  United  States.  It  is  operated  by  steam.  The  pos¬ 
sible  capacity  of  this  plant  is  1,000,000  horsepower.  It  is 
located  on  a  river,  for  barges  carrying  coal  must  be  able  to 
reach  it  easily,  since  the  plant  at  full  capacity  uses  4000 
tons  of  coal  a  day.  River  water  is  used  to  the  extent  of 
800,000  gallons  a  minute.  Steam  is  generated  in  a  number 
of  huge  boilers  similar  to  the  one  in  Fig.  280  and  is  fed  at 
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Fig.  280.  Enormous  Quantities  of  Coal  are  used  in  the  Furnaces  of 
Large  Power  Houses 


Here  is  one  of  the  furnaces  which  supply  energy  to  the  generators  in 
Fig.  279.  The  furnaces  are  mechanically  fed 


high  pressure  to  immense  steam  turbines.  You  have  already 
studied  the  principles  of  the  turbine,  but  should  see  it  in 
its  practical  application.  In  the  plant  we 

■j  i  .  »  ,,  ,  ,  .  Steam  turbines  use 

are  describing,  the  rotor  of  the  turbine  tiie  energy  of  coal 
has  twenty  sets  of  blades,  and  the  outer  ™  electricity  ^ 
rim  at  normal  speed  travels  at  a  rate  of 
12  miles  per  minute.  This  turbine  in  turn  drives  the  gen¬ 
erator  shaft.  The  simple  diagram  in  Fig.  281  may  help  you 
to  trace  the  steps  by  which  the  potential  energy  of  coal  is 
changed  into  electrical  energy. 

Now  let  us  look  at  a  hydroelectric  plant,  as  shown  in 
Fig.  282.  As  one  approaches  the  power  house,  one  hears 
the  sound  of  running  water.  On  the  down-river  side  of 
the  dam,  close  to  the  water's  edge,  is  the  power  house,  a 


Fig.  281.  Can  you  tell  what  happens  to  the  Various  Forms  of  Energy 
used  in  the  Process  of  Changing  Coal  into  Electricity? 


Fig.  282.  Water  Power  is  becoming  an  Important  Source  of  Energy  for 
the  Generation  of  Electricity 

This  shows  the  Conowingo  Dam  and  hydroelectric  plant  in  Maryland 
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low  brick  building.  Water  from  above  the  dam  is  turned 
into  a  tunnel  and  flows  from  the  tunnel  through  the  pipes 
to  the  water  wheels  beneath  the  power 
house.  Fig.  283  shows  this  flow  in  a  typi¬ 
cal  plant.  There  may  be  several  wheels 
and  an  equal  number  of  generators.  A 
pipe  leads  to  each  wheel.  Suppose  we  fol¬ 
low  the  flow  of  water  through  one  of  them.  As  you  can  see 
from  the  diagram,  water  falls  through  a  vertical  distance 


In  a  hydroelectric 
plant  water  tur¬ 
bines  change  the 
energy  of  falling 
water  into  elec¬ 
tricity 
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(called  the  head)  sometimes  as 
great  as  200  feet  in  getting  from 
the  opening  above  the  dam  to  the 
turbine  on  the  shaft  below  the 
generator. 

The  falling  water  turns  a  large 
turbine  wheel  like  the  one  in  Fig. 

284.  With  the  plant  operating  at 
full  capacity  some  92,400  cubic 
feet  of  water  flows  through  the 
turbine  in  one  minute.  How  much 
energy  does  this  represent?  It 
may  be  measured  in  horsepower. 

One  cubic  foot  of  water  weighs 
62.5  pounds,  and  the  water  falls 
through  200  feet.  Energy  released 
each  minute  is  equal  to  1,155,000,- 
000  foot-pounds  (92,400  X  62.5 
X  200  =  1,155,000,000).  You  may 
recall  from  your  study  of  work 
and  power  that  work  at  the  rate 
of  33,000  foot-pounds  a  minute, 
or  550  foot-pounds  a  second,  is 
work  at  the  rate  of  1  horsepower. 

In  this  generating  plant  we  are 
describing,  energy  may  be  obtained  for  work  at  the  rate 
of  35,000  horsepower  (1,155,000,000  +  33,000  =  35,000). 


:v  V*'5  v 


Fig.  283.  As  the  Turbine 
turns,  the  Energy  of  Falling 
Water  is  changed  to  Elec¬ 
tricity 
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Fig.  284.  The  Energy  of  Falling  Water  is  used  to  turn  Turbine  Wheels  as 
Large  as  the  one  shown  Above 


From  these  descriptions  you  can  easily  see  that  powerful 
forces  are  used  to  run  large  generators  in  a  power  station. 
The  generators  in  In  this  large  generator  the  rotating  part 
a  water-power  weighs  some  320  tons  and  is  more  than  15 
turnedby  theuse  feet  in  diameter.  The  shaft  of  the  turbine 
of  turbines  js  attached  to  the  rotor  of  the  generator, 

which  turns  as  the  force  of  the  falling  water  drives  through 
the  turbine.  If  you  lived  in  the  neighborhood  of  this  dy¬ 
namo,  you  might  be  able  to  trace  the  wires  from  the  light 
socket  in  your  room  back  to  this  generator.  This  flow  is 
diagramed  in  Fig.  285. 

You  now  understand  how  energy  of  coal  and  falling 
water  is  changed  into  electrical  energy.  The  huge  generator 
in  the  power  plant  is  similar  to  the  little  one  used  in  the 
demonstration.  In  the  power  plant  the  kinetic  energy  of 


Fig.  285.  The  Energy  for  Electric  Light  in  your  Room  may  have  its 
Origin  in  a  Powerful  Hydroelectric  Station 

Do  you  know  how  the  electricity  you  use  is  produced  ? 


Fig.  286.  The  First  Edison  Station,  shown  here,  was  a  Far  Different 
Place  from  the  Modern  Power  House 


488 


Man’s  Control  over  Electrical  Energy 


steam  or  of  falling  water  is  changed  to  electrical  energy, 
and  the  electricity  runs  off  through  the  wires. 

As  in  the  case  of 
the  development  of 
the  railroad  the  grad¬ 
ual  development  of 
electrical  energy  on 
a  large  scale  has 
brought  about  some 
tremendous  changes 
in  the  lives  of  people. 
Just  two  contrasts 
may  help  you  to  real¬ 
ize  more  clearly  how 
rapid  the  develop¬ 
ment  has  been.  Con¬ 
trast  the  original  Edi¬ 
son  station  in  New 
York  (shown  in  Fig. 
286)  with  the  modern 
one  you  saw  in  Fig. 
278.  Study  the  use 
of  electric  power  as  shown  in  the  graph  in  Fig.  287.  What 
do  you  think  some  of  the  changes  have  been  which  have 
accompanied  this  growth  ? 


1890  1895 1900 1905 1910 1915  1920 1925 1930  1935 

Fig.  287.  There  has  been  a  Tremendous  In¬ 
crease  in  the  Use  of  Electrical  Energy  dur¬ 
ing  the  Last  Fifty  Years 

What  explains  the  drop  in  use  since  1929? 


E.  How  is  Electricity  Measured? 

Electricity,  like  other  forms  of  energy,  is  measured  in 
terms  of  what  it  will  do.  Evidence  of  what  a  current  will 
do,  that  is,  of  the  strength  of  the  current,  is  in  the  strength 
of  the  magnetic  field  about  the  wire,  the  amount  of  heat 
it  will  produce  as  it  flows  through  a  wire,  the  chemical 
changes  it  will  produce,  and  in  other  observations.  All 
these  may  be  measured.  The  units  used  in  the  measurement 
of  electricity  are  (1)  amperes,  (2)  ohms,  (3)  volts.  You  have 
heard  these  terms.  What  do  they  mean? 
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If  electricity  is  a  flow  of  electrons,  there  must  be  a  rate 
of  flow.  This  rate  is  measured  as  the  number  or  quantity 
of  electrons  flowing  past  a  point  in  a  unit  ^ 

°  r  Ihe  ampere  is  a 

of  time.  An  ampere  may  be  thought  of  as  unit  used  to  meas- 
a  measure  of  the  quantity  of  electricity  ure  rate  of  flow 
flowing  past  a  point  in  one  second.  A  current  of  two  am¬ 
peres  will  do  twice  as  much  work  as  a  current  of  one  ampere. 

This  quantity  of  current  may  also  be  measured  directly 
in  terms  of  chemical  effects  it  will  produce.  Let  us  illustrate. 
In  electroplating  it  is  supposed  that  a  copper  atom  is  formed 
from  a  copper  ion  when  it  com¬ 
bines  with  two  electrons ;  thus, 

Cu+  +  +  2  electrons  — >-  Cu° 

It  is  possible  to  calculate  the 
number  of  atoms  of  copper  in  one 
gram,  and  therefore  the  number 
of  electrons  required  to  plate  out 
one  gram  of  copper.  Without  ex¬ 
plaining  this  at  length  it  may  be 
said  that  current  flowing  at  the 
rate  of  one  ampere  and  continu¬ 
ing  for  about  fifty  minutes  will 
plate  out  one  gram  of  copper. 

In  common  practice,  however, 
the  quantity  of  electric  current  is 
measured  in  another  way.  A  flow 
of  electricity  at  the  rate  of  one 

ampere  will  produce  a  magnetic  field  of  definite  strength. 
This  may  be  measured  by  the  use  of  an  ammeter.  In  Fig. 
288  you  will  find  a  diagram  of  this  instru- 

,  ...  i  .  , .  The  ammeter  is  an 

ment  as  it  is  used  to  measure  direct  cur-  instrument  used  to 
rent.  Notice  that  only  a  small  fractional 
part  of  the  electrical  energy  flows  through 
the  coil,  most  of  it  going  through  the  shunt.  But  even  the 
small  part  flowing  through  the  coil  is  sufficient  to  magnetize 


Fig.  288.  The  Ammeter  is  an 
Instrument  used  to  measure 
Rate  of  Flow 

This  one  is  used  to  measure 
direct  current.  What  is  the  pur¬ 
pose  of  the  shunt  ? 


measure  rate  of 
flow 
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The  ohm  is  the 
unit  used  to  meas¬ 
ure  resistance  to 
current  flow 


it  and  cause  the  needle  to  turn.  As  you  can  imagine,  the 
strength  of  the  current  determines  the  distance  the  needle 
turns.  Suppose  one  ampere  is  flowing.  The  pointer  swings 
a  certain  distance.  Suppose  two  amperes  are  flowing.  The 
pointer  swings  twice  as  far.  As  you  can  see  from  the  dia¬ 
gram,  marks  on  the  dial  indicate  how  far  the  pointer  should 
swing  for  currents  ranging  from  one  to  seven  amperes. 

Other  types  of  instruments  must  be  used  to  measure  the 
strength  of  alternating  current.  But  in  alternating  current, 
as  in  direct  current,  the  strength  is  commonly  measured 
by  measuring  the  strength  of  the  magnetic  field  about  the 
wire  in  which  the  current  is  flowing. 

As  current  flows  through  a  wire,  there  is  always  some 
resistance.  There  is  more  resistance  in  a  fine  wire  than  in 
a  thicker  one  of  the  same  material.  Simi¬ 
larly  there  is  more  resistance  to  flow  through 
a  long  wire  than  through  a  short  one.  There 
are  great  differences  in  the  resistance  of 
different  substances.  A  copper  wire  offers  relatively  little 
resistance,  a  nichrome  wire  such  as  is  used  in  an  electric 
toaster  offers  great  resistance.  The  unit  for  measuring  re¬ 
sistance  is  called  an  ohm. 

It  should  be  possible  for  you  to  recognize  that  some 
force  is  required  to  drive  electrons  against  a  resistance, 
rpi  -i  .  .  The  driving  force  of  the  electron  is  meas- 

used  to  measure  ured  in  terms  of  the  volt.  The  ampere,  you 
force  of  flow  will  reca}]?  js  a  measure  of  rate  of  electron 

flow.  The  ohm  is  a  measure  of  resistance  to  electron  flow. 
One  volt  is  a  force  sufficient  to  cause  one  ampere  of  current 
to  flow  against  a  resistance  of  one  ohm. 

From  your  study  of  work,  power,  and  energy  you  know 
that  work  is  done  as  a  force  moves  through  a  distance, 
and  you  know  that  power  is  a  measure  of  the  rate  at 
which  work  is  done.  For  example,  water  power  is  the 
quantity  of  water  multiplied  by  the  distance  through 
which  it  falls. 
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Electric  power  is  really  measured  in  a  similar  manner. 


It  is  quantity  of  electricity  per  second  (amperes)  X  electric 


pressure  (volts).  The  result  of  this  multi¬ 
plication  gives  us  the  unit  of  electric  power 
commonly  used,  called  the  watt.  In  full, 
then,  we  have 

Amperes  X  volts  =  watts 


The  watt  is  the 
most  common  unit 
of  electric  meas¬ 
urement  and  is  the 
rate  times  the 
force  of  flow 


By  substituting  figures  in  this  expression  you  will  see  that 
one  ampere  of  current  flowing  with  a  pressure  of  one  volt 
does  work  at  the  rate  of  one  watt. 

Obviously  the  watt  is  a  small  unit.  For  convenience  a 
unit  of  1000  watts,  called  the  kilowatt  (kw.),  is  commonly 
used.  One  kilowatt  is  equal  to  about  three  The  kilowatt 
fourths  (0.746)  of  a  horsepower.  Perhaps  e(iuals  1000  watts 
you  may  gain  a  better  idea  of  the  amount  of  energy  involved 
in  1  watt  by  studying  again  the  large  generator  you  saw  in 
the  power  house.  In  this  the  energy  of  falling  water  flowed 
at  the  rate  of  35,000  horsepower.  If  there  were  no  losses, 
this  would  produce  46,667  kilowatts  (35,000  f  =  46,667). 
Electricity  leaves  this  generator  with  a  pressure  of  12,000 
volts.  Since  it  is  an  alternating-current  generator,  electrons 
are  not  flowing  in  one  direction  but  moving  back  and  forth. 
By  using  the  expressions  you  have  just  learned  you  can  see 
that  current  is  flowing  back  and  forth  at  the  rate  of  3888 
amperes  (46,667,000  (watts)  -s-  12,000  (volts)  =  3888). 

Now  let  us  apply  these  principles  in  common  use. 
When  you  pay  for  electrical  power,  you  really  pay  for 
energy  to  do  work  at  a  certain  rate  for  a  certain  period 
of  time.  The  power  company  charges  you  for  the  number 
of  kilowatt-hours  of  energy  you  use.  Thus  The  charge  for 
if  you  use  3  kilowatts  of  energy  for  4  hours,  'of 

you  will  be  charged  for  12  kilowatt-hours  kilowatt-hours  of 
of  energy.  Let  us  see  how  this  might  be  ener§y  used 
used  in  an  ordinary  household.  An  electric  flatiron  or  an 
electric  toaster  uses  about  J  kilowatt.  In  2  hours,  therefore, 


492  Man’s  Control  over  Electrical  Energy 

it  will  use  1  kilowatt-hour.  The  lamps  used  in  the  home 
vary  from  25-watt  lamps,  which  are  not  very  bright,  to 
possibly  250-watt  lamps.  Suppose  that  during  the  day  an 
electric  iron  was  used  in  your  home  for  an  hour,  the  toaster 
was  used  at  each  of  three  meals  (totaling  an  hour),  and 
during  the  evening  five  40-watt  lamps  were  burning  for  3 
hours.  If  the  rate  for  electricity  in  your  town  is  5  cents  a  kilo¬ 
watt-hour,  how  much 
would  your  elec¬ 
tricity  bill  be  for  the 
day  ?  Let  us  count  it 
up :  500  watt-hours 
for  the  iron,  500  watt- 
hours  for  the  toaster, 
and  600  watt-hours 
(5  X  40  X  3  =  600)  for 
the  lamps.  This 
makes  a  total  of  1600 
watt-hours,  or  1.6 
kilowatt-hours.  At  5 
cents  a  kilowatt-hour 
your  bill  would  be  8 
cents  in  all.  Perhaps 
you  would  like  to 
make  a  study  of  the 
amount  of  electric 
power  you  use  in 
your  own  household. 

If  you  should  make  such  a  study,  you  would  find  that 
heating  devices  require  the  most  current  of  any  of  the  de¬ 
vices  used  in  the  home.  A  toaster  or  an  iron  uses  about 
twelve  times  as  much  current  as  a  40-watt  lamp.  The 
motor  of  the  vacuum  sweeper  uses  less  current  than  a 
40-watt  lamp  uses.  The  motor  of  an  ordinary  washing 
machine  such  as  is  used  in  homes  uses  less  than  one  half  as 
much  current  as  an  ordinary  iron. 


Ewing  Galloway 


Fig.  289.  Transformers  Similar  to  these  are 
used  to  step  up  the  Voltage  of  the  Current 
generated  at  the  Power  House 
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F.  How  is  Current  distributed  from  the  Generator 
to  Homes  and  Factories? 


Now  that  you  have  seen  how  electricity  is  generated  and 
how  it  is  measured,  let  us  consider  just  how  this  energy  gets 
into  your  home.  One  might  answer  this  question  rather 
easily  by  saying  that  it  flows  along  wires.  The  answer 
would  be  correct,  but  it  would  not  be  complete;  for  many 
things  happen  to  the  electric  current  from  the  time  it  leaves 
the  power  house  until  the  time  it  is  used  by  you. 

Imagine  that  you  are  back  in  the  power  station  again 
and  that  you  have  asked  this  question  of  one  of  the  engi¬ 
neers.  He  would  probably  ask  you  to  come  outside,  where 
he  would  show  you  a  number  of  transformers  similar  to 
those  in  Fig.  289.  If  you  looked  closely,  you  would  see  a 
sign  on  the  fence  near  by  reading 


DANGER— 154,000  Volts 


This  would  seem  strange,  for  you  will  remember  that  the 
current  left  the  generators  at  12,000  volts.  Evidently 
something  has  happened  to  it.  If  you  asked  the  engineer 
about  it,  he  would  tell  you  that  the  current  has  been  trans¬ 
formed,  or  "stepped  up."  But,  he  would  hasten  to  add, 
the  amount  of  power  (kilowatts)  remains  the  same.  Re¬ 
member  the  expression,  Amperes  X  volts 
=  watts.  If  the  watts  remain  the  same  and 
the  voltage  becomes  higher,  the  amperage 
must  of  course  be  lower.  Do  you  see  why? 

The  process  of  changing  the  current  has 
been  one  of  lowering  the  amperage  and  raising  the  voltage. 

Why  is  the  current  stepped  up  in  this  way  ?  And  how  is 
it  done  ? 

The  answer  to  the  first  question  must  be  brief.  You  may 
learn  more  about  it  from  advanced  books  on  electricity. 
It  may  be  shown  that  heat  losses  are  less  at  high  voltage 


Current  leaving 
the  power  plant  is 
usually  stepped 
up  by  raising  the 
voltage  and  lower¬ 
ing  the  amperage 
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and  low  amperage  than  at  low  voltage  and  high  amperage. 
Thus  you  may  decide  that  current  is  sent  out  from  the 
rT>l  #  power  station  at  high  voltage  simply  for 

The  stepping  up  of  , ,  n  £  .  . 

current  is  done  the  sake  of  economy.  This  is  not  lmpor- 

for  purposes  of  tant  when  sending  small  amounts  of  cur- 

economy  J  .  J  _ 

rent,  but  when  sending  large  amounts,  as 
over  high-tension  wires,  it  is  very  important. 

But  let  us  consider  how  this  change  is  accomplished.  As 
you  have  learned,  the  instrument  in  which  the  current  is 
stepped  up  is  called  a  transformer.  Some  experiments  will 
help  you  to  understand  how  a  transformer  works. 

Arrange  two  coils  of  wire,  some  dry  cells,  and  a  galva¬ 
nometer  as  in  the  upper  diagram  in  Fig.  290.  From  this 
diagram  you  will  see  that  in  one  circuit 
mechanism  for  there  are  a  coil,  a  switch,  and  the  dry  cells, 
'olt”  giDg  the  In  the  second  circuit  are  another  coil  and 

the  galvanometer.  Notice  that  the.  two 
coils  are  not  connected  with  one  another  in  any  way.  Now 
close  the  switch.  Were  you  surprised  to  see  that  the  gal¬ 
vanometer  needle  moved?  It  swung  to  one  side,  but  im¬ 
mediately  moved  back  again  to  the  center.  Now  open  the 
switch.  Again  the  needle  moves,  this  time  in  the  opposite 
direction,  and  then  swings  back  to  center.  Try  it  again. 
The  same  thing  happens.  What  does  this  mean  ?  Evidently 
at  the  moment  when  the  current  begins  to  flow  in  one  coil  a 
current  is  started  in  the  other  coil.  Also,  when  the  current 
in  the  first  coil  stops  flowing,  a  current  flowing  in  the  op¬ 
posite  direction  is  started  in  the  second  coil.  It  cannot  be 
the  flow  of  the  current  in  the  first  coil  which  produces  the 
current  in  the  second  coil,  for  there  is  no  deflection  of  the 
galvanometer  needle  while  the  switch  is  closed.  What  ex¬ 
planation  is  there? 

In  order  to  explain  this  you  must  recall  two  things  about 
electricity  and  magnetism :  First,  a  current  of  electricity 
generates  a  magnetic  field  about  a  wire.  Second,  when  a 
magnetic  field  moves  with  relation  to  a  conductor,  a  cur- 
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rent  is  produced  in  the  conductor.  It  follows,  then,  that 
when  the  magnetic  field  moves  or  when  the  conductor 
moves,  a  current  is  produced.  Now  what  mi  ,  # 

,  ,  ,  ill,!  The  principle  of  a 

happens  when  you  make  and  break  the  cur-  transformer  is  ex- 

rent  in  your  apparatus  ?  At  the  instant  the  plained  by  the  prop- 

.  ,  ;  ,  ,  i  ,  ,i  .  erties  of  magnetism 

switch  is  closed  the  space  about  the  wire  m 
the  first  coil  becomes  a  magnetic  field.  Lines  of  force  start 
from  the  wire  and  spread  out  into  space.  As  they  spread 
through  the  second  coil,  they  produce  the  same  effect  as 
that  from  moving  a  magnetic  field  through  the  coil.  Do 
you  see  why?  An  induced  current,  then,  flows  in  the  wire. 
When  the  switch  is  opened,  the  magnetic  field  collapses. 
The  effect  is  the  same  as  before.  An  induced  current  flows 
in  the  wire,  but  this  time  it  is  in  the  opposite  direction. 

Now  wind  two  coils  on  an  iron  ring,  as  shown  in  the 
lower  diagram  in  Fig.  290,  and  close  and  open  the  switch 
again.  This  time  the  galvanometer  needle  swings  farther, 
indicating  a  stronger  current.  You  have  already  learned 
that  lines  of  force  tend  to  pass  from  air  into  iron.  Thus 
the  lines  of  force  set  up  around  the  coil  when  the  current 
starts  tend  to  collect  in  the  iron  core  and  are  kept  more 
closely  together  in  the  vicinity  of  the  coils  instead  of 
spreading  out  through  space.  Thus  more  of  them  cut  the 
second  coil,  and  a  stronger  current  is  produced. 

As  the  alternating  current  moves  back  and  forth  in  one 
coil,  it  causes  the  magnetic  field  around  it  to  vary.  Re¬ 
member  that  as  the  direction  of  current  through  an  elec¬ 
tromagnet  changes,  the  poles  reverse.  This  produces  an 
alternating  movement  of  electrons  in  the  second  coil. 

At  this  point  you  might  wish  to  repeat  your  experiments 
with  your  demonstration  transformer  for  the  purpose  of 
checking  upon  the  principles  we  have  just  presented. 

It  is  the  application  of  these  principles  which  makes  the 
transformer  possible.  Experiments  have  shown  that  the 
voltage  in  the  coils  is  proportional  to  the  number  of  turns 
of  wire.  The  coil  directly  attached  to  the  source  of  current 
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Fig.  290.  Arrangement  of  a  Transformer 

A,  an  induced  electrical  current  may  be  made  to  flow  in  a  coil  of  wire  not  con¬ 
nected  to  the  source  of  the  electrical  current.  B,  the  induced  current  becomes 
stronger  when  the  coils  are  wound  on  an  iron  ring 


is  called  the  primary.  The  coil  in  which  a  current  is  induced 
is  called  the  secondary.  If  the  secondary  has  twice  as  many 
turns  as  the  primary,  the  voltage  will  be  twice  as  high  as  the 
voltage  in  the  primary.  This  would  be  called  a  step-up 
transformer.  Now  you  can  see  what  happens  to  the  current 
which  leaves  the  power  plant  at  12,000  volts.  It  passes 
through  a  complex  transformer  of  the  step-up  type  and  is 
raised  to  154,000  volts.  But  obviously  it  is  changed  again, 

for  the  current  yo  u  use  at 
home  is  only  110  volts. 
How  is  this  done  ?  Refer 
again  to  your  simple 
transformer. 

When  the  current  was 
stepped  up,  the  second¬ 
ary  coil  had  many  more 
turns  than  the  primary. 
Suppose  the  conditions 
were  reversed,  and  the 
secondary  coil  had  only 
half  as  many  turns  as 
the  primary?  Obviously 
the  voltage  of  the  cur¬ 
rent  from  the  secondary 
coil  would  be  only  half 
as  high  as  that  from  the 


Iron  cores 


A.C. 


A.C.  primary 


A.C  secondary 


Iron  yoke 
Iron  cores 


A.C.  primary 


A.C.  secondary 


Iron  yoke 


Fig.  291.  By  Changing  the  Number  of 
Turns  of  Wire  in  the  Primary  and  Sec¬ 
ondary  Coils  a  Transformer  may  be  made 
to  step  up  or  step  down  the  Current 

Why  should  A  be  a  step-up  transformer 
and  B  a  step-down  transformer? 
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Fig.  292.  The  Electric  Current  generated 
at  the  Power  Station  is  changed  Several 
Times  in  Voltage  and  Amperage  before 
it  reaches  your  Home 

Do  you  know  why  each  of  these  changes 
is  made? 


primary.  Such  an  ar¬ 
rangement  is  called  a 
step-down  transformer. 
Current  is  stepped  up 
to  high  voltage  and  is 
stepped  down  to  low 
voltage. 

An  additional  factor 
needs  to  be  considered. 
While  current  is  trans¬ 
formed,  the  amount  of 
power  does  not  change. 
In  other  words,  just  the 
same  amount  of  power 
(watts)  flows  in  both 
coils,  except  for  a  small 
loss,  mostly  as  heat. 
But  recall  what^  you 
learned  about  the  rela¬ 
tionships  between  volt- 


Transformer  steps  down  the  Cur¬ 
rent  to  110  Volts 


age  and  amperage.  You  have 
already  seen  that  after  the 
current  has  passed  through 
the  step-up  transformer,  the 
voltage  has  increased.  You 
also  found  that  the  amper¬ 
age  decreased.  If  you  will 
study  this  a  little,  you  will 
see  that  obviously  the  coil 
which  carries  the  low  voltage 
carries  a  greater  current  in 
amperes.  Since  amperage 
measures  rate  of  flow,  a  wire 
carrying  a  high  amperage 
must  be  larger  than  one  car¬ 
rying  a  low  amperage.  In  a 
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step-down  transformer,  therefore,  the  primary  is  composed 
of  many  turns  of  fine  wire  and  the  secondary  of  a  few  turns 
of  heavy  wire.  The  step-up  transformer  is  just  the  oppo¬ 
site.  Do  you  see  why  this  is  ?  Perhaps  some  diagrams  will 

help.  Fig.  291  is  a 
diagram  of  a  simple 
transformer.  In  A  it 
is  connected  up  as  a 
step-up  transformer. 
In  B  it  is  shown  being 
used  as  a  step-down 
transformer. 

Current  may,  of 
course,  be  taken  from 
a  high-tension  wire  at 
relatively  low  amper¬ 
age,  for  only  a  small 
portion  of  the  total 
current  may  be  taken 
off  at  one  station. 

Shall  we  now  pick 
up  our  current  again 
on  the  power  line  after 
it  has  been  stepped 
up  to  154,000  volts? 
After  folio  wing  it  some 
200  miles  we  find  that 
it  branches  off  to 
other  transformers. 
The  large  transformer  is  a  substation.  Here  current  may  be 
stepped  down  to  6000  volts  and  be  sent  out  over  smaller 
wires  to  a  near-by  city.  Upon  reaching  the  city  distributing 
station  we  follow  the  current  through  more  transformers  in 
smaller  substations  in  which  it  is  reduced  to  550  volts  and 
sent  out  to  different  parts  of  the  city.  The  succession  of 
transformations  by  which  current  is  generated  at  12,000 


Fig.  294.  Electric  Current  enters  the  House 
through  a  Switch,  Meter,  and  Fuse  Box 

Notice  how  the  wires  lead  to  the  various  out¬ 
lets  and  how  each  circuit  is  protected  by  fuses 
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volts,  stepped  up  to  154,000  volts,  and  then  stepped  down 
is  shown  in  Fig.  292.  A  line  that  carries  current  to  resi¬ 
dences  leads  through  still  another  transformer,  like  the  one 
shown  in  Fig.  293,  in  which  the  current  is  stepped  down 
to  110  volts.  From  this  last  transformer  the  wires  lead  to 
separate  residences. 

Carrying  current  at  110  volts,  the  wires  enter  the  house 
through  a  switch,  meter,  and  fuse  box  arranged  as  shown 
in  Fig.  294.  Each  of  these  mechanisms  serves  a  special 
purpose.  When  the  switch  is  open,  current  is  cut  off  from 
the  house.  The  amount  of  electrical  energy  Different  uges  of 
used  in  the  house  is  measured  in  kilowatt-  electricity  require 
hours  through  the  meter.  One  is  shown  in  dlfferent  voltages 
Fig.  295.  Can  you  read  it?  The  fuses  serve  as  a  protec¬ 
tion,  preventing  too  much  current  from  flowing  in  the 
house  wire.  Fig.  296  shows  a  cross 
section  through  a  fuse.  If  too 
much  current  flows,  on  account  of 
overloading  or  on  account  of  ac¬ 
cident,  a  fuse  blows  and  cuts  off 
the  current  flowing  through  the 
house. 

Sometimes  the  voltage  of  the 
house  current  is  reduced  so  that  it 
may  be  used  for  other  purposes, 
such  as  to  ring  the  doorbell.  In 
this  case  a  small  transformer  re¬ 
duces  the  110- volt  house  current 
to  about  6  volts.  Small  trans¬ 
formers  are  also  used  in  your 
radio  set.  Perhaps  you  can  think 
of  other  uses. 

Do  you  now  see  why  alternating 
current  is  used  so  often  ?  In  the 
first  place,  an  alternating-current 
generator  is  more  economical  to 


Fig.  295.  A  Kilowatt-Hour 
Meter  measures  the  Amount 
of  Electricity  you  Use 


Do  you  ever  check  your  electric- 
light  bill  against  the  meter? 
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Fig.  296.  When  Too  Much  Current  flows  through  a  Wire,  the  Fuse  w Blows” 
Does  the  cross  section  of  the  fuse  explain  why  it  " blows”? 

operate.  But  of  even  more  importance  is  the  fact  that 
the  voltage  of  alternating  current  may  be  stepped  up  or 
down  by  means  of  transformers.  The  transformer  is  of  no 
use  with  a  direct  current.  You  can  see  some  of  the  diffi¬ 
culties  which  would  arise  if  all  current  had  to  be  of  the 
direct  type. 


The  generator  is  the  mechanism  used  for  the  generating  of 
electricity.  Forces  are  applied  to  turn  a  coil  of  wire  within  a 
magnetic  field.  The  forces  used  may  come  from  either  of  two 
sources:  the  energy  of  steam  or  the  energy  of  falling  water. 
These  forces  are  usually  applied  to  the  rapidly  moving  shaft 
of  the  generator  by  means  of  turbines.  Two  types  of  current 
may  be  produced:  A.C.  and  D.C.  The  former  is  most  fre¬ 
quently  used,  since  its  voltage  may  be  stepped  up  or  stepped 
down.  This  is  done  by  means  of  a  transformer,  another  instru¬ 
ment  using  the  principles  of  magnetism.  Electrical  energy 
may  be  measured  in  terms  of  kilowatt-hours. 


Can  You  Answer  these  Questions  ? 

1.  What  is  meant  by  the  statement  that  the  principle  of  mag¬ 
netism  is  used  in  the  generating  of  electricity  ? 

2.  What  principle  or  principles  may  be  used  to  explain  the 
current  of  electricity  which  is  set  up  when  an  armature  is  turned 
between  a  pair  of  magnets? 

3.  What  is  the  difference  between  a  generator  and  a  motor  ? 
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4.  What  is  the  difference  between  A. C.  and  D.C.  current? 

5.  What  are  some  of  the  essential  differences  in  design  be¬ 
tween  a  coal-operated  power  station  and  a  hydroelectric  one  ? 

6.  What  are  the  units  of  electrical  energy  called  the  ampere, 
ohm,  volt,  watt,  and  kilowatt  ?  How  are  they  used  to  measure 
electric  current? 

7.  Why  is  the  current  generated  at  the  power  house  usually 
stepped  up  before  it  is  sent  over  the  wires  ?  How  is  this  done  ? 

8.  What  is  the  principle  of  a  simple  step-up  transformer?  of 
a  simple  step-down  transformer?  How  is  it  possible  to  control 
the  extent  to  which  the  voltage  is  transformed  ? 

9.  What  is  the  principle  of  a  fuse? 

10.  WTiat  is  meant  by  a  magnetic  field? 

11.  Why  should  the  different  position  of  the  brushes  in  a  gen¬ 
erator  produce  different  types  of  current  ? 

12.  Can  you  show  by  mathematics  that  changing  the  amperage 
of  an  electric  current  with  the  number  of  watts  constant  makes  a 
change  in  the  voltage  ?  that  changing  the  voltage  with  the  num¬ 
ber  of  watts  constant  makes  a  change  in  the  amperage?  that 
changing  the  number  of  watts  with  the  amperage  constant  makes 
a  change  in  the  voltage  ? 

Questions  for  Discussion 

1.  Does  the  speed  at  which  the  armature  of  a  generator  is 
turned  between  the  magnets  have  any  relationship  to  the  amount 
of  current  produced? 

2.  What  factors  of  the  environment  do  you  think  might  make 
a  coal-operated  electric  station  more  economical  than  a  hydro¬ 
electric  one  and  vice  versa  ? 

3.  What  are  some  of  the  difficulties  which  would  arise  if  all 
current  were  of  the  D.C.  type?  WTiat  are  some  of  the  practical 
advantages  of  the  A. C.  type? 

4.  Some  types  of  electrical  machines  are  marked  for  A.  C.  cur¬ 
rent  only.  Others  are  marked  for  D.  C.  current  only.  Still  others 
are  marked  for  A.  C.  or  D.  C.  current.  Why  should  not  all  work 
with  either  type  of  current  ? 

5.  How  do  you  think  it  is  possible  to  construct  a  generator  so 
as  to  produce  current  of  exactly  the  proper  voltage  ? 
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6.  Do  you  think  that  some  day  all  electricity  may  be  produced 
by  hydroelectric  power  ?  Why  ? 

7.  It  has  been  said  that  the  use  of  electricity  has  revolutionized 
methods  of  manufacturing.  Can  you  support  or  attack  this  state¬ 
ment  by  any  specific  examples  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  the  costs  of  electricity  in  your  community 
and  neighboring  communities.  What  differences  do  you  find? 
What  explanations  are  there  for  these  differences  ? 

2.  Take  a  trip  to  a  near-by  power  station  and  discuss  the  ap¬ 
plication  of  simple  electrical  principles  you  see  there. 

3.  Look  up  information  from  which  to  write  short  biographies 
about  such  scientists  as  Volta,  Galvani,  Ohm,  Ampere,  and  Watt. 

4.  Find  information  about  some  large  hydroelectric  plants 
such  as  those  at  Muscle  Shoals,  Boulder  Dam,  Conowingo, 
Niagara  Falls,  or  Keokuk,  Iowa.  Consider  such  questions  as 
possible  output,  cost,  area  served,  and  whether  the  station  is 
privately  or  publicly  owned. 


Chapter  XXIII  •  How  is  Electrical  Energy 
used  in  the  Telephone  and  Radio? 

Come  back  with  us  in  time  to  June  2,  1875.  In  a  small 
house  in  Boston  two  men  are  at  work  upon  an  electrical 
circuit  which  one  of  them,  Alexander  Graham  Bell,  believes 
can  be  used  to  carry  the  effects  of  sound  waves.  So  far 
their  work  has  been  unsuccessful.  But  suddenly  the  second 
man,  Thomas  A.  Watson,  who  has  been  working  alone  in 
the  attic,  is  disturbed  by  Bell,  who  rushes  up,  shouting, 
"What  did  you  do  then  ?  Don’t  change  anything.  Let  me 
see!”  Watson  explains  that  he  has  been  tinkering  with  the 
transmitter,  and  Bell  tells  him  that  he  has  heard  that 
sound  at  the  receiving  end  of  the  line.  Then  a  line  was  run 
between  two  other  rooms,  and  further  experiments  were 
made.  Finally  on  March  10,  1876,  for  the  first  time  Watson 
heard  Bell  call  him  over  a  telephone,  saying,  "Mr.  Watson, 
please  come  here;  I  want  you.” 

From  that  time  progress  was  rapid,  though  not  easy. 
Difficulties  about  money  delayed  Bell  and  his  helper.  They 
even  resorted  to  lecture  tours.  Fig.  297  shows  Dr.  Bell 
with  an  early  model  of  the  telephone.  Finally  the  diffi¬ 
culties  were  overcome,  and  commercial  development  be¬ 
gan. 

By  1880  there  were  over  thirty  thousand  telephones  in 
the  United  States;  by  1900  there  were  over  six  hundred 
thousand;  and  by  1910,  close  to  six  million.  Today,  of 
course,  the  telephone  is  an  extremely  important  feature  in 
our  civilization. 

Now  look  at  another  picture.  It  is  December  12,  1901. 
In  a  small  room  inside  the  signal  station  at  St.  John’s, 
Newfoundland,  sits  a  young  Italian,  Guglielmo  Marconi, 
with  a  crude  set  of  headphones  clamped  over  his  ears.  Out¬ 
side,  a  storm  is  raging.  After  much  effort  a  kite  has  been 
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Fig.  297.  The  Telephone  was  not  always  the  Neat,  Compact  Instrument 
it  is  Now 

This  scene  shows  Mr.  Bell  sending  the  first  long-distance 
telephone  message 

raised,  carrying  an  aerial  wire  attached  to  a  receiving  set. 
Marconi  listens  eagerly.  Suddenly  he  presses  the  head¬ 
phones  to  his  ears.  From  Cornwall,  England,  comes  the 
sound  of  three  dots  representing  the  Morse  code  for  the 
letter  s.  For  the  first  time  a  wireless  message  has  crossed 
the  Atlantic,  and  a  new  means  of  communication  has  been 
established  between  the  Old  World  and  the  New. 

Remember  the  year,  1901.  Think  of  the  progress  that 
has  been  made  in  the  short  time  between  that  year  and 
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today,  when  with  a  mere  twist  of  a  dial  you  can  hear  music 

and  speeches  from  all  parts  of  the  world.  Your  fathers 

can  remember  when  there  were  no  radios, 

and  your  grandfathers  can  probably  re-  the  radio  are  com- 

member  when  there  were  no  telephones,  paratively  recent 

Yet  40  per  cent  of  American  homes  had 

radios  in  1930,  and  about  an  equal  number  had  telephones. 

Perhaps  the  telephone  and  the  radio  seem  strange  instru¬ 
ments  in  many  ways.  How  is  it  possible  that  a  message 
spoken  into  a  telephone  transmitter  may  be  sent  along  a 
wire  and  be  delivered  almost  instantly  at  a  destination  per¬ 
haps  thousands  of  miles  away?  How  is  it  possible  that  a 
message  may  pass  through  space  with  no  obvious  carrier, 
such  as  a  wire,  and  be  delivered  through  a  radio  receiving 
set  that  is  connected  in  no  material  way  to  a  microphone  ? 

Perhaps  some  of  your  previous  work  in  science  may  help 
in  the  search  for  answers  to  these  questions.  Let  us  recall 
some  of  it  for  you.  You  have  seen  that  the  energy  of  elec¬ 
tricity  may  be  sent  along  a  wire.  Has  this  any  relationship 
to  the  telephone?  You  have  seen,  too,  that  energy  may  be 
sent  through  space  as  radiant  energy.  Does  this  explain 
some  of  the  things  you  have  noted  about  the  radio  ? 


A.  What  is  Sound? 

Let  us  study  common  means  of  producing  sound.  Hold 
your  throat  lightly  with  the  fingers  of  one  hand.  Now  read 
a  few  lines  of  this  book  out  loud.  Do  you  notice  a  vibration 
in  your  throat?  What  causes  it?  You  know  something  of 
the  tube  called  the  windpipe,  leading  from  your  throat  to 
your  lungs.  In  your  throat,  at  the  upper  The  sound  Gf  the 
end  of  this  tube,  is  a  small  boxlike  struc-  y°ic_e  is  produced 

•  .  .  by  the  vibration  of 

ture  called  a  larynx.  The  location  of  it  is  the  vocal  cords  in 
shown  in  Fig.  298,  A.  Across  the  larynx,  as  the  larynx 
pictured  in  Fig.  298,  B ,  are  the  vocal  cords.  During  ordinary 
breathing  these  cords  are  relaxed.  When  you  speak,  how- 
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Fig.  298.  The  Sound  of  the  Voice  is  produced  by  the  Vibration  of  the 
Vocal  Cords  in  the  Larynx 

A,  a  cross  section  of  the  throat,  showing  location  of  the  larynx  ;  B,  the  vocal 
cords  vibrating  while  singing  ;  C,  the  vocal  cords  at  rest 


ever,  you  tighten  the  cords  and  force  air  between  them. 
This  causes  them  to  vibrate,  as  shown  in  Fig.  298,  B.  It  is 

this  vibration  that  produces 
the  sound  of  your  voice. 

You  can  demonstrate  this 
in  another  way  if  you  wish. 
Make  an  artificial  larynx 
by  stretching  two  pieces  of 
rubber  from  a  toy  balloon 
over  the  end  of  a  narrow 
glass  tube  (Fig.  299).  The 
two  pieces  of  rubber  should 
overlap  just  a  little  at  the 
center  of  the  tube.  Now 
blow  vigorously  into  the  other  end  of  the  tube.  The 
vibrating  rubber  produces  a  squawking  sound  in  much  the 
same  manner  as  vibrating  vocal  cords  produce  the  sound 
of  your  voice. 


Fig.  299.  You  can  make  a  Model  Dia¬ 
phragm  by  Stretching  Two  Pieces  of 
Rubber  over  a  Glass  Tube 
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Fig.  300.  Do  you  believe  that  a  Tun*  Fig.  301.  Sounds  are  produced  by 
ing  Fork  does  Vibrate?  Vibration 

Set  a  tuning  fork  in  vibration,  A,  and  A,  vibration  of  banjo  strings ;  B,  vibra- 
touch  it  to  the  surface  of  some  water,  B  tion  of  a  column  of  air  in  a  pipe  organ 


You  may  experiment  with  other  vibrating  objects.  Strike 
a  large  tuning  fork  gently  with  a  wooden  hammer.  If  you 
observe  closely,  you  may  see  the  prongs,  or  points,  vibrat¬ 
ing.  Touch  the  sounding  fork  to  the  surface  of  some  water, 
as  shown  in  Fig.  300,  B.  The  water  splashes.  Obviously  the 
fork  is  vibrating.  Other  examples  of  such  vibrations  and 
the  fact  that  they  produce  sound  are  common  to  everyone. 
You  may  draw  a  bow  across  violin  strings  or  pluck  the 
strings  of  a  banjo  or  guitar.  These  strings  sound  may  be 
vibrate  as  shown  in  Fig.  301,  A.  The  result  produced  by  the 

.  ^  ,  iiii  vibration  of  many 

is  sound.  You  press  a  key  on  the  board  different  kinds  of 

of  a  pipe  organ.  Air,  entering  one  of  the  obiects 

pipes  as  shown  in  Fig.  301,  B,  sets  the  air  column  to 
vibrating,  thus  causing  a  sound.  When  you  hit  a  drum,  the 
drum  top  vibrates.  From  these  and  other  experiences  you 
come  to  the  conclusion  that  sound  is  caused  by  vibration. 

How  is  it  that  sound  travels  from  a  vibrating  body  to  your 
ear  ?  If  you  could  examine  the  vibrating  tuning  fork  care¬ 
fully,  you  would  find  that  both  prongs  are  vibrating  at  a 
uniform  rate.  A  fork  with  the  tone  of  middle  C  on  the 
piano,  for  example,  vibrates  at  the  rate  of  256  vibrations 
per  second.  A  fork  with  a  higher  pitch  vibrates  more 
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rapidly,  and  one  with  a  lower  pitch  more  slowly.  Look 
at  the  prongs  of  the  vibrating  fork  shown  in  Fig.  302. 
Each  prong  moves  first  in  the  direction  of  a  and  then  in 
the  direction  of  b.  The  number  of  vibrations,  since  its 
tone  is  middle  C,  is  256  in  each  second.  What  happens 
during  the  vibration?  As  a  prong  moves  toward  a,  it 

presses  in  that  di¬ 
rection  the  molecules 
of  surrounding  air. 
As  it  moves  toward 
6,  the  pressure  in  the 
direction  of  a  is  re¬ 
duced.  Themolecules 
rush  back  from  a,  fol¬ 
lowing  the  prong 
toward  b.  Again  the 
prong  moves  toward 
a.  Again  the  mole¬ 
cules  are  forced  in 
that  direction.  Im¬ 
agine  this  process  re¬ 
peated  many  times 
per  second,  and  you 
will  see  that  with  each  vibration  there  is  produced  alter¬ 
nately  on  each  side  of  the  prong  a  condensation  and  a 
Sound  is  carried  rarefaction.  In  other  words,  on  each  side 
by  condensation  of  the  prong  the  molecules  are  alternately 
in  1heaa1raCtl0n  pushed  closer  together  and  spread  farther 
apart.  You  will  see,  too,  by  a  study  of 
Fig.  302,  that  a  condensation  is  produced  on  one  side  as 
a  rarefaction  is  produced  on  the  other. 

Let  us  state  the  observations  in  another  way.  The  mole¬ 
cules  pushed  by  the  prong  strike  against  other  molecules, 
and  the  condensation  moves  outward.  This  is  followed 
immediately  by  a  rarefaction  during  which  the  molecules 
move  in  the  opposite  direction.  If  you  could  watch  a 


Fig.  302.  Sound  is  carried  by  the  Conden¬ 
sation  and  Rarefaction  in  the  Air 
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molecule  as  a  sound  wave  passes,  you  would  see  it  move  back 
and  forth  with  each  succeeding  push.  Study  Fig.  302  again. 

Regular  motion  passed  along  from  one  group  of  particles 
to  another  is  called  a  wave  motion.  Remember  that  the 
condensation  represents  molecules  pushed  ,  , 

closer  together,  and  the  rarefaction  repre-  soun(]  depends 
sents  molecules  spread  farther  apart.  The  u,P°n  the  length  of 

,  ,  ,  ,  .  .  , ,  the  sound  waves 

length  of  the  sound  wave  is  from  the  center 
of  one  condensation  to  the  center  of  the  next.  In  sounds  of 
higher  pitch  the  sound  waves  are  shorter,  and  in  sounds  of 
lower  pitch  the  waves 
are  longer. 

This  disturbance 
which  we  have  called 
a  sound  wave  will 
travel  through  air  in 
much  the  same  way 
that  a  water  wave 
travels  on  the  sur¬ 
face  of  a  smooth  lake. 

Fig.  303  is  a  photo¬ 
graph  showing  the  ef¬ 
fect  of  a  sound  wave. 

The  sound  wave  trav¬ 
els  outward  in  every 
direction.  The  water 
wave,  however,  trav¬ 
els  only  over  the 
plane  surface. 

It  is  easy  to  demonstrate  that  air  acts  as  a  carrier  of 
sound.  Arrange  an  electric  bell  in  a  bell  jar  connected 
with  an  air  pump  (Fig.  304).  Close  the  Air  is  a  carrier  of 
switch,  and  the  bell  rings  clearly.  Now  sound  waves 
start  the  air  pump  and  remove  the  air  from  the  jar.  The 
sound  of  the  bell  will  become  fainter  and  fainter  until  you 
cannot  hear  it  at  all.  Yet  the  clapper  continues  to  hit  the 
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Fig.  303.  A  Sound  Wave  travels  in  much  the 
Same  Way  as  a  Water  Wave 


The  photograph  was  taken  r0;Voo  second  after 
the  sound  wave  started  from  the  center 


510  Man  s  Control  over  Electrical  Energy 


loudness,  and 
quality 


bell.  Now  allow  air  to  enter  the  jar  again.  The  sound  of  the 
bell  gradually  gets  louder. 

So  far  we  have  discussed  one  property  of  sound  :  its  tone,  or 
pitch.  This,  as  you  have  seen,  depends  upon  the  number  of 

Sound  has  three  times  tbe  vibrating  body  vibrates  per  sec- 
properties:  pitch,  ond.  But  sound  has  other  properties.  If 
you  strike  a  fork  lightly,  it  produces  a  soft 
tone;  if  you  strike  it  harder,  it  produces 
a  louder  tone.  The  reason  is  that  the  harder  blow  causes  the 
prong  to  vibrate  through  a  wider  range.  Thus  it  disturbs 

the  molecules  about 
it  more  violently. 
The  distance  through 
which  the  molecules 
move  on  account  of 
vibration  is  the  am¬ 
plitude,  or  size,  of  the 
wave.  This  increased 
violence  of  vibration, 
or  amplitude,  is  inter¬ 
preted  by  the  ear 
as  a  louder  sound. 
Remember,  however, 
that  the  vibrations  of 
the  fork  are  at  the 
same  rate,  no  matter 
how  hard  you  strike 
it.  Loudness  is  not 
related  to  pitch. 

Another  property 
of  sound  is  called 
quality.  Tones  from  a  violin  and  from  a  banjo  may  have 
the  same  pitch.  Yet  they  may  be  distinguished.  Imagine 
a  great  opera  star  singing  high  C.  Now  imagine  some  ama¬ 
teur  singing  it.  The  property  of  sound  that  makes  it 
possible  to  distinguish  one  tone  from  another  of  the  same 


Fig.  304.  There  can  be  No  Sound  Waves  in 
a  Vacuum 
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pitch  is  called  quality.  The  important  thing  to  remember 
is  that  the  three  properties  of  sound  —  pitch,  loudness,  and 
quality  —  are  carried  by  the  sound  waves. 

How  fast  does  sound  travel?  It  obviously  takes  some 
time  for  condensations  and  rarefactions  to  move  along 
through  the  air.  A  common  observation  may  help  to  make 
this  clear.  You  have  doubtless  seen  a  lightning  flash  and 
waited  for  the  thunder.  The  flash  starts  the  sound  waves 
coursing  through  the  air.  Perhaps  you  have  counted  the 
seconds  between  the  flash  and  the  time  the  sound  reached 
your  ears.  You  know  that  sound  evidently  travels  more 
slowly  than  light.  Very  careful  measurements  have  shown 
that  sound  travels  through  air  at  the  rate  Sound  waves  travel 
of  about  1100  feet  each  second.  If  you  in  air  at  a  speed 
counted  an  interval  of  five  seconds  be-  each^second  ° feet 
tween  the  flash  of  lightning  and  the  sound 
of  thunder,  the  flash  was  about  5500  feet,  or  a  little  more 
than  a  mile,  away.  You  know,  too,  that  you  may  see  the 
steam  from  a  distant  whistle  a  few  seconds  before  the  sound 
reaches  you. 

One  of  the  most  obvious  things  about  sound,  of  course, 
is  that  we  hear  it.  If  you  can  see  in  imagination  the 
effect  produced  on  the  molecules  of  the  air  by  a  vibrating 
body,  you  may  understand  how  sounds  are  communicated 
to  your  ear.  Stretched  across  the  opening  leading  into  the 
ear  is  a  delicate  membrane  known  as  the  eardrum.  Its  po¬ 
sition  is  shown  in  Fig.  340  (p.  565).  It  is  easy  to  see  how 
the  condensations  and  rarefactions  of  sound  waves  cause 
the  drum  to  vibrate.  The  motion  of  the  vibrating  eardrum 
is  carried  through  a  chain  of  small  bones  to  the  inner  ear. 
This  is  a  cavity  filled  with  liquid.  In  it  are  many  nerve 
fibers.  The  effect  of  the  different  vibra-  ^ 

.  I  he  ear  is  an  organ 

tions  on  these  nerve  endings  is  interpreted  for  changing  sound 
by  the  brain  as  sound.  Notice,  too,  that  waves  int0  hearing 
these  effects  are  interpreted  by  the  ear  in  terms  of  the  three 
properties  of  sound,  namely,  pitch,  loudness,  and  quality. 
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Fig.  305.  As  the  Diaphragm  of  the 
Recording  Mechanism  vibrates,  the 
Needle  cuts  a  Groove  in  the  Soft  Wax 
Record 

Above  is  a  cross  section  of  a  record.  Be¬ 
neath  is  a  surface  view.  Both  magnified 


Fig.  306.  The  Phonograph  is 
an  Instrument  for  Reproduc¬ 
ing  Sound  that  has  been  re¬ 
corded  on  a  Disk 

What  part  is  played  by  the  nee¬ 
dle  and  by  the  diaphragm  ? 


The  fact  that  sound  is  a  result  of  vibration  has  been 
used  in  many  practical  applications.  One  of  the  most 
common  is  the  phonograph,  with  which  you  are  probably 
familiar.  To  understand  the  way  in  which  the  properties 
of  sound  are  applied  in  the  phonograph,  you  must  consider 
it  from  two  angles.  First,  how  is  sound  recorded?  In  its 
simplest  form  the  recording  mechanism  is  made  up  of  a 
horn  or  other  instrument  which  gathers  the  sound.  To  this 
is  attached  a  diaphragm,  so  constructed  that  it  can  vibrate. 
A  needle  is  attached  to  the  diaphragm,  and  in  turn  rests 
on  a  soft  wax  disk,  or  plate.  Now  imagine  that  someone  is 
singing  or  talking.  The  vibrations  of  the  voice  pass  through 
the  horn  to  the  diaphragm.  It  vibrates  and  carries  the 
properties  of  the  voice  to  the  needle.  The  needle  itself  moves 
up  and  down  or  from  side  to  side,  recording  the  properties 
of  the  voice  in  the  soft  wax.  Notice  the  track  in  Fig.  305. 

Second,  how  is  the  sound  reproduced  ?  Look  at  the  play¬ 
ing  mechanism  in  Fig.  306.  A  record  is  placed  upon  the  turn- 
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table.  This  record,  as  you  can  guess,  has  been  made  from 
a  master  record,  which  in  turn  was  made  from  the  original 
soft-wax  disk.  Thus  it  contains  exactly  the  same  grooves, 
or  track,  as  the  original.  When  the  record  is  ready  to  play, 
a  needle  is  lowered  until  it  rests  lightly  in  the  grooves. 
This  needle  is  connected  to  another  dia¬ 
phragm  so  constructed  that  it  can  vibrate. 

When  the  phonograph  starts,  the  needle 
follows  the  grooves  in  the  record.  The 
movement  of  the  needle  is  carried  as  a 
succession  of  vibrations  in  the  diaphragm,  and  these  vi¬ 
brations  in  turn  are  changed  into  the  sound  which  you  hear 
as  it  comes  from  the  sound  chamber  of  the  phonograph. 


The  phonograph  is 
an  instrument  for 
reproducing  sound 
waves  that  have 
been  recorded  on 
a  disk 


B.  How  may  Sound  Waves  affect  the  Flow  of  Electrical 
Energy  through  a  Wire? 

If  you  have  ever  visited  a  telephone  exchange,  such  as 
the  one  in  Fig.  307,  and  have  seen  the  many  connections 
similar  to  the  ones  in  Fig.  308,  perhaps  you  have  wondered 
just  how  a  telephone  really  does  work.  If  we  tried  to  ex¬ 
plain  at  length  just  how  this  modern  telephone  exchange 
works,  it  would  be  far  too  long  a  story  to  tell  here.  But  the 
principles  involved  in  the  telephone  itself  are  not  so  com¬ 
plex.  In  fact,  they  are  but  further  applications  of  some 
principles  you  have  already  learned. 

In  Fig.  309  notice  that  there  are  two  circuits,  one  marked 
the  "primary”  and  one  the  "secondary.”  These  circuits 
are  not  new  to  you.  From  your  study  of  A  telephone  uses 
induced  currents,  you  can  understand  that  induced  currents 
when  a  current  passes  from  the  battery  and  through  the 
primary  circuit,  a  current  is  induced  in  the  secondary  cir¬ 
cuit.  Notice  that  the  transmitter  is  in  the  primary  circuit. 
This  is  important  in  the  explanation  which  is  to  follow. 

Let  us  look  a  little  more  closely  at  the  transmitter  which 
is  shown  in  Fig.  310.  If  you  have  ever  taken  the  mouth- 
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Keystone 

Fig.  307.  A  Modern  Telephone  Exchange  connects  All  the  Main  Cities  of 

the  World 


Do  you  know  the  steps  of  the  telephone-radio  hook-up  which  make  it  possible 
for  a  person  to  talk  from  the  United  States  to  Europe  and  South  America? 

piece  off  a  transmitter,  you  may  have  noticed  a  metal  disk 
directly  behind  it.  This  is  the  diaphragm.  A  sound  made 
before  the  mouthpiece  of  a  telephone  causes  molecules  of 
air  to  push  against  the  diaphragm.  As  a  result  the  sound 
waves  move  the  disk  back  and  forth  or,  in  other  words, 
cause  the  disk  to  vibrate. 

If  you  have  looked  closely  at  the  diaphragm,  you  have 
seen  a  metal  stud,  or  nail,  through  the  center  of  it.  This 
The  diaphragm  of  stud  fastens  the  diaphragm  to  one  side  of 
a  telephone  trans-  a  small  box.  Do  you  see  this  in  Fig.  310? 
the  result  of  sound  The  box  itself  is  filled  with  grains  of  car- 
waves  bon.  The  front  and  the  back  of  this  box 

are  made  of  metal,  but  the  metal  parts  are  separated  from 
each  other  by  a  ring  of  insulating  material,  also  shown  in 
Fig.  310. 

Now  follow  the  connections  of  the  primary  circuit. 
Notice  that  one  wire  is  connected  to  the  front  of  the  box 


515 


Sound:  the  Telephone  and  the  Radio 


and  another  to  the  back.  These  wires  lead  to  a  source  of 
electricity  in  the  central  telephone  exchange.  Obviously 
in  this  hook-up  a  current  of  electricity  in  the  primary  circuit 
must  pass  through  the 
carbon  in  the  carbon 
box.  Do  you  see  why  ? 

What  is  the  impor¬ 
tance  of  this  ?  Let  us 
imagine  that  a  tun¬ 
ing  fork  is  held  before 
the  transmitter  and 
is  struck.  Condensa¬ 
tions  and  rarefactions 
similar  to  those  illus¬ 
trated  in  Fig.  302 
pass  into  the  mouth¬ 
piece  and  strike  the 
diaphragm,  causing  it 
to  vibrate.  The  con¬ 
densations,  of  course, 
push  the  disk  inward, 
and  the  rarefactions 
cause  the  disk  to  bulge 
outward.  What  hap¬ 
pens  to  the  carbon 
particles?  Study  Fig. 

311.  As  you  can  see, 
vibration  alternately  compresses  and  releases  them.  Look 
at  this  more  closely.  When  the  diaphragm  is  pushed  in¬ 
ward  by  a  sound  wave,  the  front  and  the 
back  of  the  box  are  squeezed  together. 

The  particles  of  carbon  inside  are  then 
pressed  closely  together,  too,  so  that  they 
look  like  Fig.  311,  a.  Does  this  affect  the 
current  of  electricity  in  any  way?  You  will  see  that  when 
the  particles  are  closer  together,  there  are  more  paths  over 


Keystone 

Fig.  308.  Telephone  Communication  applies 
on  a  Large  and  Complex  Scale  Simple  Prin¬ 
ciples  of  Electricity  and  Magnetism 

How  should  you  like  to  try  to  find  a  short  cir¬ 
cuit  in  this  automatic  telephone  switchboard? 


The  vibration  of 
the  diaphragm  af¬ 
fects  the  strength 
of  the  current  of 
electricity  flowing 
through  the  circuit 
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Can  you  trace  the  message  from  transmitter  to  receiver? 

which  the  flowing  electrons  may  pass  from  one  side  of  the 
box  to  the  other.  To  state  this  in  another  way,  at  such  a 
time  the  resistance  to  the  electrical  current  is  lowered,  and 
a  stronger  current  flows  through  the  circuit. 

Imagine  that  the  opposite  of 
this  is  happening,  as  shown  in 
Fig.  311,  b.  The  rarefaction  in 
the  sound  wave  has  caused  the 
disk  to  bulge,  and  the  carbon 
particles  are  spread  farther 
apart.  The  electrons  have  fewer 
paths  over  which  to  travel,  re¬ 
sistance  is  increased,  and  a 
weaker  current  passes  through 
the  circuit. 

Thus  you  see  that  the  con¬ 
densations  and  rarefactions  in 
the  sound  waves  set  up  by  the 
vibrating  fork  cause  differences 
in  the  strength  of  the  electric 
current  flowing  through  the  primary  circuit.  You  will  recall 
that  induced  currents  are  set  up  in  a  secondary  as  the 
.strength  of  the  current  changes  in  the  primary.  In  the  tele- 


Jig.  310.  The  Diaphragm  of 
a  Telephone  Transmitter  vi¬ 
brates  as  the  Result  of  Sound 
Waves 

The  effect  of  these  sound  waves 
is  carried  over  an  electric  circuit 
to  the  receiving  instrument 
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phone  a  current  similar  to  the  one  flowing  in  the  primary 
is  induced  in  the  secondary.  The  condensations  and  rare¬ 
factions  of  sound  waves  are  registered  in  the  strength  of  the 
current  which  flows 
through  the  telephone 
circuit.  For  purposes 
of  illustration  we  have 
used  a  tuning  fork. 

Similar  results  would 
be  secured  with  the 
sound  waves  of  your 
voice,  except  that  the 
sound  waves  from 
your  voice  are  more 
complex  than  those 
from  a  simple  tuning 
fork. 

Now  let  us  look  at 
the  secondary  circuit, 
beginning  with  the  re¬ 
ceiver  itself.  If  you 
have  ever  unscrewed 
the  cap  from  a  tele¬ 
phone  receiver,  you 
have  found  an  iron 
disk  similar  to  the  disk 
you  saw  in  the  trans¬ 
mitter  .  U  nd  er  neath 
the  disk,  as  you  can 
see  from  Fig.  312,  is  a 
small  horseshoe  mag¬ 
net.  Since  this  is  a 
permanent  magnet, 

the  two  poles  attract  the  iron  disk  at  all  times.  Notice, 
however,  that  there  are  coils  of  wire  around  the  poles  of  the 
magnet.  The  effect  of  these  should  be  familiar  to  you. 


Fig.  311.  The  Vibration  of  the  Diaphragm 
affects  the  Strength  of  the  Current  of  Elec¬ 
tricity  flowing  through  the  Circuit 

Notice  that  in  a  a  condensation  striking  the  di¬ 
aphragm  has  compressed  the  carbon  particles, 
permitting  a  stronger  current  to  flow  through 
the  circuit.  When  a  rarefaction  occurs  in  the 
sound  wave,  as  in  b,  the  reverse  is  true 
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As  the  current  which  flows  in  the  secondary  circuit  varies, 
the  strength  of  the  magnetic  field  in  the  receiver  also  varies. 
Do  you  know  why  ? 

Look  closely  at  Fig.  312.  You  see  that  the  iron  disk  is 
supported  by  a  thin  metal  ring  in  such  a  way  that  it  can 
The  variations  in  never  quite  touch  the  poles  of  the  magnet. 

The  iron  disk  in  the  receiver  vibrates  many 
times  a  second,  to  correspond  to  the  vi¬ 
brations  set  up  in  the  transmitter.  As  a 
result,  molecules  in  the  air  are  made  to  vi¬ 
brate,  and  a  sound  wave  is  set  up  by  the 
receiver  similar  to  the  sound  wave  which  caused  the  disk 
in  the  transmitter  to  vibrate.  The  sound  waves  reach  the 

Diabhraem  ear’  and  3™  hear  the 

Magnet 


current  produced 
in  the  transmitter 
circuit  are  repeated 
in  the  receiving 
circuit  and  affect 
the  diaphragm  in 
the  receiver 


same  sort  of  sound  that 
was  made  by  the  voice  of 
a  speaker,  even  though  he 
may  be  hundreds  of  miles 
away  from  you. 

This  circuit  (Fig.  309) 
is  far  less  complex  than 
the  circuits  in  use  by 
the  commercial  telephone 
companies,  where  thou¬ 
sands  of  instruments  may 
be  joined  together  by  thousands  of  miles  of  wire.  Essen¬ 
tially,  however,  the  principles  of  the  telephone  are  simple, 
depending  upon  those  properties  of  electricity  and  magnet¬ 
ism  with  which  you  are  already  familiar. 


Magnet  Coil 

Fig.  312.  The  Receiver  reproduces  the 
Sounds  produced  at  the  Transmitter. 
The  Effect  of  the  Sound  on  the  Trans¬ 
mitter  is  carried  by  Electricity 


C.  How  does  the  Radio  Work? 

Of  all  electrical  instruments  the  radio  seems  to  many 
people  the  most  mysterious.  The  mechanism  of  a  nine- 
tube  or  eleven-tube  radio  is  indeed  complex.  There  are 
tubes  and  coils  and  wires  of  many  kinds.  Yet  when  this 
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mass  of  mechanism  is  attached  to  an  aerial  and  plugged 
into  an  electric-light  circuit,  merely  the  turning  of  a  dial 
brings  in  programs  from  all  over  the  world. 

The  principles  upon  which  a  radio  works,  however,  are 
not  complex.  As  with  the  telephone,  some  of  them  are 
already  familiar  to  you.  It  is  their  application  which  is  a 
little  more  difficult.  Yet  the  principles  and  their  applica¬ 
tion  can  be  explained  so  as  to  enable  you  to  picture  the 
working  of  your  own  radio  the  next  time  you  turn  it  on. 

You  remember  from  your  previous  work  in  science  that 
energy  may  be  carried  through  space  as  radiation.  You 
recall  that  there  are  several  forms  of  energy  ^ 

047  Radio  waves  are  a 

carried  in  this  way.  Light  waves,  for  ex-  form  of  radiant 
ample,  are  one  form  of  radiation.  Radio  energy 
waves  are  another.  These  waves  differ  in  length,  just  as 
the  sounds  of  high  and  low  pitch  do,  but  in  some  ways 
they  are  similar.  Their  true  nature  is  unknown.  It  is 
obvious  that  they  are  not  carried  in  the  air,  for  waves  of 
radiant  energy  travel  even  better  in  a  vacuum  than  in  air. 

The  nervous  system  is  not  sensitive  to  radio  waves. 
They  may  be  noticed  only  by  the  use  of  mechanical  instru¬ 
ments.  How  are  radio  waves  produced?  How  may  they 
be  made  to  carry  the  effects  of  sounds?  How  may  the 
effects  carried  on  the  waves  be  translated  into  sounds  like 
those  producing  the  effects  ? 

Radio  waves  are  really  electromagnetic  waves ;  that  is, 
they  are  associated  with  the  magnetism  produced  by  elec- 
tricity.  How  did  anyone  come  to  guess  Radio  waves  are 
that  there  are  such  things  as  electromag-  electromagnetic 
netic  waves?  The  first  guess  was  made  by  waves 
an  Englishman  named  Maxwell.  In  working  out  some 
complex  mathematical  equations  he  came  to  the  conclusion 
that  his  answers  could  only  be  explained  if  these  waves 
were  present.  So  he  stated  his  guess.  The  work  of  Maxwell 
was  followed  by  experiments  made  by  a  German  named 
Hertz. 
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Hertz  demonstrated  that  electromagnetic  waves  were 
given  off  as  a  spark  jumped  across  the  terminals  of  an  in- 
A  .  ,  .  duction  coil  similar  to  the  one  in  Fig.  313. 

is  a  kind  of  trans-  This  instrument  is  of  so  much  importance 
former  jn  eiectrica,l  work  that  we  must  pause  for  a 

moment  to  examine  it.  In  brief,  an  induction  coil  is  a  kind 
of  transformer.  A  current  of  relatively  low  voltage  and  rela¬ 
tively  high  amperage 
is  changed  in  an  in¬ 
duction  coil  to  one  of 
high  voltage  and  low 
amperage.  How  is  this 
done?  From  a  study 
of  Fig.  313  the  parts 
of  an  induction  coil 
and  its  operation 
should  be  entirely 
clear.  Notice  that  the 
primary,  or  battery, 
circuit  is  connected 
to  an  electromagnet 
made  of  relatively  few 
turns  of  wire  on  an  iron  core.  The  secondary  is  a  coil  of  a 
relatively  large  number  of  turns  set  so  that  it  incloses  the 
coil  of  the  primary. 

You  know  that,  according  to  the  electron  theory,  electrons 
in  the  secondary  are  made  to  flow  in  one  direction  when  the 
primary  circuit  is  closed  and  to  flow  in  the  opposite  direction 
when  the  primary  circuit  is  broken.  The  interrupter  (shown 
in  the  figure)  works  like  the  armature  of  an  electric  bell.  The 
interrupter  is  a  piece  of  soft  iron  mounted  on  a  steel  spring. 
Current  flows  through  the  primary  when  the  spring  is  in 
contact  with  the  point  of  the  screw.  But  when  current 
flows,  the  iron  core  becomes  a  magnet  and  pulls  the  spring 
away  from  the  screw.  This  breaks  the  circuit,  the  soft  iron 
loses  its  magnetism,  and  the  spring  flies  back  against  the 


Fig.  313.  The  Principles  of  an  Induction 
Coil  help  to  explain  the  Operation  of  a 
Radio  Set 

After  careful  study  of  the  diagram  can  you  ex¬ 
plain  how  electromagnetic  waves  are  produced 
by  the  coil  ? 
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point  of  the  screw.  Again  the  circuit  is  made,  and  the  proc¬ 
ess  of  make  and  break  is  repeated  over  and  over.  As  the 
primary  circuit  is  made  and  broken,  an  in- 

,  ,  ,  j,  „  ,  •  , .  The  current  in  the 

duced  current  nows  first  in  one  direction  secondary  is  a 
and  then  in  the  other  in  the  secondary  high-voltage  alter- 
circuit.  On  account  of  the  larger  number  nating  current 
of  turns  in  the  secondary  the  voltage  is  great  enough  to 
cause  electrons  to  jump  the  gap  between  the  terminals  of 
the  secondary. 

The  condenser  serves  a  useful  purpose,  for  without  it 
electrons  would  tend  to  jump  the  gap  between  the  spring 
and  the  point  of  the  screw  when  the  interrupter  is  pulled 
away  from  the  screw  by  the  magnet.  In  this  event  there 
would  not  be  a  sharp  break  in  the  primary  circuit.  You 
may  know  that  the  sharper  the  break  in  the  primary  the 
stronger  the  voltage  in  the  secondary.  With  the  condenser 
in  place  the  electrons  do  not  jump  this  gap,  but  take  a 
course  offering  less  resistance  and  flow  on  to  the  condenser 
plates.  As  the  contact  is  made  again,  they  flow  off  the 
plates  and  continue  in  the  circuit.  The  plates  are  charged  as 
the  circuit  is  broken,  and  they  are  discharged  as  the  circuit 
is  made. 

Hertz  observed  that  electricity  flowing  back  and  forth 
in  the  secondary  of  an  induction  coil  would  under  certain 
conditions  cause  electricity  to  flow  back  and  forth  in  an¬ 
other  circuit  that  was  in  no  way  connected  with  the  first. 
In  other  words,  he  demonstrated  that  energy  was  radiated 
into  space  when  a  current  of  electricity  xhe  alternating 
started  to  flow  in  a  circuit  and  when  it  |ec' 

stopped  flowing  in  a  circuit.  The  sharp  electromagnetic 
starts  and  stops  of  flow  in  an  induction  waves 
coil  make  this  instrument  a  good  one  for  demonstrating 
this  effect.  Since  the  waves  have  their  origin  in  an  effect 
caused  by  an  electromagnet,  they  are  called  electromag¬ 
netic  waves.  This  observation  by  Hertz  was  the  beginning 
of  radio. 
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These  observations,  made  in  1888,  suggested  to  men  of 
an  inventive  turn  of  mind  the  possibilities  of  using  electro¬ 
magnetic  waves  for  communication.  Progress  in  the  de¬ 
velopment  of  the  radio  has  been  progress  in  developing 
instruments  for  sending  electromagnetic  waves  and  instru¬ 
ments  for  receiving  them.  These  instruments,  as  we  know 

them  today,  consist 
of  two  essential  parts : 
the  transmitter  and 
the  receiver.  As  in  the 
case  of  the  telephone, 
let  us  look  at  them  in 
their  simplest  form. 
Keep  in  mind,  how¬ 
ever,  that  the  com¬ 
mercial  sets  involve  a 
far  more  complex  ap¬ 
plication  of  the  prin¬ 
ciples  we  set  forth. 

Consider  first  the 
transmitter,  a  wiring 
diagram  of  which  is 
shown  in  Fig.  314. 
The  essential  features, 
as  you  can  see,  are  a 
vacuum  tube,  A  and 
B  batteries,  aerial, 
coils,  and  proper  con¬ 
nections.  By  using  the  electron  theory  we  may  explain  the 
function  of  all  these  parts.  A  photograph  and  a  diagram  of 
The  vacuum  tube  a  vacuum  tube  are  shown  in  Fig.  315.  In¬ 
is  an  important  side  the  tube  are  three  parts,  called  the 
part  of  both  trans-  .  .  _ 

mission  and  recep-  filament,  the  grid,  and  the  plate  (Fig.  315,  b). 
tion  m  radio  The  names  are  descriptive  of  these  parts. 
The  filament  is  a  wire  which  is  part  of  the  A-battery  circuit. 
It  enters  the  tube  and  leaves  it  again  at  the  base.  The 


Fig.  314.  A  Simple  Radio  Hook-up 

The  essential  features  of  radio  are  illustrated 
in  this  simple  arrangement,  which  shows  the 
main  circuits 
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Fig.  315.  A  Photograph  of  a  Vacuum  Tube  is  shown  in  a.  A  Diagram  is 
shown  in  b 

Can  you  explain  the  part  played  in  radio  reception  or  transmission  by  the 
filament,  by  the  grid,  and  by  the  plate  ?  Try  it  again  after  you  have  read  this 
section  on  the  radio 

plate  is  a  solid  piece  of  thin  metal  held  upright  in  the  tube 
by  a  piece  of  wire  the  end  of  which  extends  out  at  the  bot¬ 
tom  of  the  base.  The  grid  is  a  netlike  metal  screen  which 
fits  between  the  filament  and  the  plate.  From  it  too  a  wire 
runs  through  the  base  of  the  tube. 

Study  Fig.  314  closely.  Notice  that  two  battery  circuits 
are  shown.  These  are  indicated  as  the  A  circuit  and  the 
B  circuit.  In  addition  to  these  there  is  the  grid  circuit. 

Look  at  these  circuits.  The  positive  and  negative  posts  of 
the  A  battery  are  connected  directly  to  the  filament  in  the 
vacuum  tube.  The  negative  post  of  the  B  battery  is  con¬ 
nected  to  a  circuit  which  feeds  into  the  filament  of  the  A  cir¬ 
cuit.  The  grid  circuit  is  also  joined  to  the  filament.  Notice 
that  there  is  a  coil  in  the  B  circuit  and  in  the  grid  circuit.  No¬ 
tice,  too,  that  there  is  a  condenser  in  the  grid  circuit.  This, 
as  you  will  see  later,  serves  as  a  storehouse  for  electricity. 

Now  examine  the  B  circuit.  Notice  that  while  the  positive 
post  of  this  circuit  is  attached  to  the  plate,  the  negative  is 
attached  to  the  filament.  How,  then,  is  it  possible  for  a 
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current  to  flow  through  the  B  circuit?  Obviously  the  elec¬ 
trons  must  pass  over  the  gap  between  the  filament  and  the 

Current  flows  Plate-  Electrons>  however,  are  given  off 
through  B  circuit  as  from  the  filament  in  the  A  circuit  only 
electrons  cross  gap  wj1j]e  ft  js  hot.  When  the  A  battery  is  put 

in  circuit,  electrons  start  to  flow  in  the  B  circuit.  The 
arrows  in  Fig.  314  indicate  direction  of  electron  flow. 

Now  in  imagination  let  us  watch  this  set  work.  First 
we  close  the  switch.  The  current  in  the  A  circuit  flows  to 
the  filament  and  back  again.  This  is  simple.  As  a  matter 
of  fact  this  current  serves  only  to  heat  the  filament.  Thus 
^  ,  when  the  A  current  is  turned  on,  you  see 

heats  the  filament,  the  filament  glow.  The  important  thing, 
-using  electrons  however,  is  that  when  the  filament  becomes 

hot,  electrons  flow  from  it.  Thus  with  a 
glowing  filament  you  can  imagine  the  vacuum  tube  filled 
with  electrons  moving  in  every  direction.  The  positive 
charge  on  the  plate  of  the  B  circuit  causes  electrons  to  flow 
from  the  filament  to  the  plate  and  around  the  B  circuit. 

How  does  the  flow  of  electrons  in  the  coil  of  the  B  cir¬ 
cuit  affect  the  flow  of  electrons  in  the  coil  in  the  grid  circuit  ? 
From  previous  work  you  know  that  there  will  be  an  in¬ 
duced  flow  of  electrons  in  the  coil  of  the  grid  circuit.  This 
induced  flow  alternates,  while  flow  in  the  B  circuit  is  al¬ 
ways  in  the  same  direction.  Do  you  see  why  ?  As  electrons 
flow  in  the  grid  circuit  from  the  grid,  the  grid  becomes 
positive  (it  was  neutral,  but  electrons  leaving  it  make  it 
positive).  As  it  becomes  more  strongly  positive,  electrons, 
which  are  negative,  are  attracted  from  the  filament.  Re¬ 
member  that  like  charges  attract  and  un¬ 
like  charges  repel  each  other.  You  can  see 
that  when  the  grid  is  positive,  the  flow  of 
electrons  from  the  filament  to  the  plate 
is  greater  than  the  flow  when  the  grid  is 
negative  or  neutral.  Thus  the  rate  of  flow  in  the  B  circuit 
increases  as  electrons  are  drawn  away  'from  the  grid.  But 


The  grid  circuit 
acts  as  a  regulator 
in  the  flow  of  elec¬ 
trons  between  the 
filament  and  the 
plate 
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notice  that  the  grid  circuit  is  not  complete.  Look  at  the 
condenser.  Electrons  moving  away  from  the  grid  gather 
on  condenser  plate  2.  Thus  you  see  that  electrons  on  the 
grid  hinder  the  flow  of  electrons  in  the  B  circuit.  Therefore 
the  number  of  electrons  flowing  in  the  B  circuit  will  increase 
as  electrons  flow  away  from  the  grid  and  decrease  as  elec¬ 
trons  flow  to  the  grid. 

How  long  can  the  current  continue  to  increase  in  the  B 
circuit  while  the  flow  of  electrons  is  away  from  the  grid? 
Obviously  not  indefinitely.  Soon  the  rate  of  flow  reaches 
its  highest  point.  As  soon  as  current  stops  increasing,  the 
induced  current  ceases  to  flow  away  from  the  grid.  The 
electrons  gather  on  plate  2  of  the  condenser.  But  as  soon 
as  flow  toward  plate  2  ceases,  electrons  begin  to  run  off  this 
plate  and  flow  back  toward  the  grid.  Now  the  grid  is  be¬ 
coming  negative  (it  gains  a  surplus  of  electrons) ;  and  as 
it  does,  it  slows  down  the  flow  of  electrons  from  the  fila¬ 
ment  toward  the  plate.  This  in  turn  reduces  the  current 
in  the  B  circuit.  (Can  you  explain  why?)  As  this  happens, 
a  greater  flow  of  electrons  is  induced  in  Electrons  in  the 
the  grid  circuit  in  the  direction  already  |ri(^  circuit  flow 
started  there.  The  grid  becomes  increas-  tion  and  then  in 
ingly  negative  until  finally  the  flow  in  the  the  other 
B  circuit  is  at  the  slowest  rate.  Study  Fig.  316.  As  soon 
as  the  flow  stops  decreasing,  the  induced  current  ceases  to 
flow.  Now,  as  you  can  see,  electrons  have  gathered  on  the 
grid  and  on  plate  1  of  the  condenser.  When  the  pressure 
against  them  is  released,  they  immediately  start  to  flow 
away  from  the  grid  again,  and  away  from  plate  1  and 
toward  plate  2  of  the  condenser.  The  grid  once  more 
becomes  positive,  and  the  current  in  the  B  circuit  increases 
again.  So  it  goes.  Current  increases  in  the  B  circuit  until 
it  reaches  its  highest  point  and  then  goes  down  until  it 
reaches  its  lowest  point.  As  it  increases,  there  is  an  induced 
flow  of  electrons  away  from  the  grid  ;  and  as  it  goes  down, 
there  is  an  induced  flow  in  the  opposite  direction. 
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This  change  about  which  it  takes  so  long  to  tell  takes 
place,  of  course,  in  a  tiny  fraction  of  a  second.  The  change 
_  ,  ,  1#  is  called  a  cycle.  The  changes  just  de- 

Each  change  of  di-  ..  , 

rection  of  electron  scribed  occur  with  every  cycle.  You  may 
fl°i7  ,i”  the  frid  is  see  *n  newspaper  that  a  station  is 
broadcasting  on  512  kilocycles  (Kc.).  One 
kilocycle  is  a  thousand  cycles.  In  this  case  the  direction 
of  the  induced  current  is  changing  512,000  times  each 
second. 

Adjoining  the  coil  in  the  grid  circuit  is  another  coil.  The 
terminals  of  this  third  coil  are  the  aerial  and  the  ground. 
You  understand,  of  course,  that  electrons  moving  in  one 
direction  in  the  grid  circuit  will  induce  electrons  to  flow  in 
the  opposite  direction  in  the  aerial  circuit. 

All  this  may  seem  rather  complex  to  you.  Yet  if  you  will 
study  the  diagrams  carefully  and  follow  in  them  the  chang¬ 
ing  flow  of  current  described  in  the  text,  we  believe  you  can 
understand  it.  The  important  thing  to  remember  is  that 
with  each  change  in  direction  of  the  aerial  current  an 
electromagnetic  wave  is  sent  off  into  space  from  the  aerial, 
,  ,  traveling  with  the  speed  of  light.  These 

Each  cycle  results  ,  ,  . .  ,  e 

in  a  wave  of  elec-  electromagnetic  waves  are  the  carriers  of 

tromagnetic  energy  radi0  communication.  How  does  this 
going  off  into  space  .  .  ,  o 

affect  a  receiving  set  ?  The  answer  is 
simple.  Electrons  are  made  to  flow  back  and  forth  in  the 
aerial  of  a  receiving  set  in  just  the  same  manner  that 
they  are  moving  back  and  forth  in  the  aerial  of  the  send¬ 
ing  set. 

Let  us  examine  a  receiving  set.  A  diagram  is  shown  as 
part  of  Fig.  316,  B .  In  its  main  features  it  is  just  like  the 
A  receiving  set  is  sending  set.  There  are  an  aerial  and  a 
merely  an  mstru-  vacuum  tube  with  A-battery,  B-battery, 
Sectromagnetfc  g  and  grid  connections.  As  electrons  flow 
waves  into  sound  back  and  forth  in  the  aerial,  they  induce  a 
flow  of  electrons  in  the  grid  circuit.  Electrons  flow  toward 
the  grid  and  slow  down  the  flow  of  electrons  across  the 
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Modulated  carrier  wave 


Fig.  316.  Sending  and  Receiving  in  Radio 

Electrons  flowing  through  A  are  affected  by  the  vibrating  fork.  The  effect 
passes  through  space  and  may  be  detected  in  B.  It  is  registered  on  the  aerial, 
and  affects  the  flow  of  electrons  through  the  tube  and  finally  the  current  through 
the  telephone  receiver 

gap  from  filament  to  plate.  Then  they  flow  away  from  the 
grid  and  thus  cause  the  flow  of  electrons  across  this  gap  to 
increase.  The  flow  of  electrons  in  the  aerial  of  the  receiv¬ 
ing  set  regulates  the  flow  of  electrons  in  the  B  circuit. 

You  of  course  realize  that  under  the  conditions  we  have 
described  all  the  waves  are  alike.  Current  in  the  B  circuit 
is  raised  to  its  greatest  point  and  reduced  to  its  lowest  point. 
Each  change  produces  a  wave  cycle,  and  all  the  cycles  are 
alike ;  that  is,  they  have  the  same  amplitude,  or  size,  and 
they  have  the  same  frequency.  Since  these  waves  do  not 
affect  our  sense  organs  directly,  we  may  only  guess  what 
they  are  like.  They  are  commonly  represented  in  diagrams 
by  the  outline  shown  in  A  of  Fig.  317.  A  line  up  or  down 
represents  one  cycle,  and  the  length  of  the  line  up  and 
down  represents  the  amplitude  of  the  wave.  This  is  called 
the  carrier  wave. 

But  how  is  music  or  the  sound  of  the  voice  carried  ?  Let 
us  return  to  Fig.  316,  in  which  a  sending  set  and  a  receiv¬ 
ing  set  are  shown.  Notice  that  a  telephone  transmitter  is 
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Fig.  317.  The  Normal  Radio  Carrier  Wave  is  modulated  by  the  Vibrations 
set  up  by  the  Voice  or  Other  Sound  in  the  Transmitter 


A,  the  normal  radio  carrier  wave ;  B,  the  cycles  of  rarefaction  and  conden¬ 
sation  in  a  sound  wave ;  C,  the  carrier  wave  in  A  as  it  is  modulated  by  the 
sound  wave  in  B 


shown  in  the  B  circuit  of  the  sending  set.  This  serves  as 
a  microphone.  When  one  speaks  into  the  transmitter,  the 
sound  waves  from  the  voice  compress  and  release  the  car¬ 
bon  grains  just  as  in  the  telephone.  The  strength  of  the 
current  through  the  B  circuit  is  now  influenced  by  the 
voice,  and  this  influences  the  amplitude  of  the  wave. 
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The  normal  radio 
carrier  wave  is 
modulated  by  the 
vibrations  set  up 
by  the  voice  or 
other  sound  in  the 
transmitter 


As  in  the  case  of  the  telephone,  let  us  use  a  tuning  fork. 
It  acts  like  the  voice,  and  the  effect  is  simpler.  Suppose 
middle  C  is  sounding  before  the  transmitter.  The  microphone  in 
Two  hundred  and  fifty-six  condensations  fs  similaV^ to St™ettCr 
and  rarefactions  strike  the  metal  disk  each  transmitter  of  a 
second .  In  other  words,  the  carbon  particles  telephone 
are  compressed  and  released  256  times  each  second.  Now 
suppose  that  the  grid  circuit  is  512,000  cycles  (512  Kc.)  each 
second.  Thus  there  are  2000  electromagnetic  cycles  for 
each  cycle  of  a  rarefaction  and  condensation  in  the  sound 
wave  (512,000  256  -  2000).  The  effect 

of  sound  on  the  carrier  wave  is  shown  in 
C  of  Fig.  317.  Here  you  see  a  carrier  wave, 
still  of  512  Kc.,  but  with  the  amplitude, 
that  is  the  size  of  the  wave,  changed  by  the 
effect  of  the  sound  wave.  Let  us  explain 
the  effect  a  little  further.  As  the  compression  in  the  sound 
wave  reaches  the  disk  of  the  transmitter,  there  is  least  re¬ 
sistance  in  the  B  circuit.  Thus  the  amplitude  is  at  its 
greatest.  As  the  condensation  reaches  the  disk,  there  is 
most  resistance  in  the  B  circuit,  and  the  amplitude  is  at 
its  lowest.  You  can  point  to  these  effects  in  Fig.  317.  This 
effect  on  the  carrier  wave  is  called  modulation.  The  carrier 
wave  is  modulated,  or  shaped,  by  the  sound  wave. 

When  the  receiving  set  is  tuned  to  the  same  frequency 
(512  Kc.)  as  the  sending  set,  electrons  are  flowing  back  and 
forth  in  the  grid  circuit  with  the  same  frequency  as  in  the 
grid  circuit  of  the  sending  set.  As  the  effect  from  waves  of 
greatest  amplitude  comes  in,  the  greatest  amount  of  current 
flows  in  the  B  circuit  and  there  is  the  greatest  effect  on  the 
magnet  in  the  telephone  receiver.  As  waves  of  least  ampli¬ 
tude  come  in,  there  is  least  effect  on  the  B  circuit  and  on 
the  telephone  receiver.  This  variation  in  the  effect  causes 
the  disk  in  the  telephone  receiver  to  vibrate  and  pro¬ 
duce  the  sound  the  influence  of  which  was  carried  on  the 


carrier  wave. 
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Fig.  318.  The  Simple  Principles  of  Radio  you  have  observed  in  this  Chap¬ 
ter  are  applied  on  a  Large  Scale  in  the  Modern  Broadcasting  Station 

Control  room  of  station  WABC.  What  do  you  think  the  telephone 
switchboard  is  for? 

Follow  these  effects  in  the  diagram  of  Fig.  316.  The  tun¬ 
ing  fork  produces  sound.  The  sound  produces  an  effect  on 
the  transmitter.  This  affects  the  B  circuit  and  in  turn  the 
carrier  wave,  as  shown.  The  carrier  wave  causes  electrons 
to  flow  back  and  forth  in  the  aerial  of  the  receiving  set  with 
the  same  frequency  as  they  flow  in  the  aerial  of  the  sending 
set.  This  sets  up  by  induction  a  corresponding  flow  in  the 
grid  circuit,  and  this  in  turn  carries  to  the  B  circuit  and 
through  the  receiver  the  same  effect  as  was  produced  on 
the  transmitter  of  the  sending  set. 

And  now  can  you  look  at  your  own  radio  with  perhaps  a 
little  more  understanding?  It  of  course  has  many  extra 
parts  not  included  in  the  simple  set  we  have  described.  It 
has  a  tuning  mechanism  which  enables  you  to  shut  out  the 
effects  of  all  waves  except  those  from  the  station  you  want. 
It  probably  works  on  the  house  circuit  instead  of  on  the 
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battery  circuit.  Perhaps  it  has  nine  or  eleven  tubes.  But 
essentially  the  principles  upon  which  it  works  are  the  same 
as  those  we  have  just  given.  Similarly  with  the  large  send¬ 
ing  stations.  The  one  shown  in  Fig.  318  differs  from  the  one 
we  have  described  in  that  it  is  equipped  to  use  larger 
amounts  of  electrical  energy.  Many  improvements  make 
the  waves  carry  the  effects  of  sounds  more  accurately.  But 
even  this  large  station  is  built  upon  the  simple  principles 
we  have  been  discussing. 


Sound  is  produced  by  vibrations  which  are  carried  in  the  air 
at  a  rate  of  about  1100  feet  per  second.  It  has  three  qualities: 
pitch,  loudness,  and  quality.  The  telephone  is  based  upon  the 
principles  of  induced  electrical  currents  the  flow  of  which  is 
affected  by  the  condensations  and  rarefactions  of  sound  waves. 
The  radio  is  an  instrument  which  changes  energy  of  electro¬ 
magnetic  waves  into  sound.  Electromagnetic  waves  are  sent 
into  space,  carrying  the  effect  of#  sound.  As  radiant  energy 
they  travel  in  space  with  the  speed  of  light. 


Can  You  Ansiver  these  Questions  ? 

1.  What  similarities  are  there  in  the  ways  in  which  sound  is  pro¬ 
duced  by  the  vocal  organs,  stringed  instruments,  or  a  pipe  organ  ? 

2.  What  are  the  condensations  and  rarefactions  in  a  sound 
wave  and  what  relationship  do  they  have  to  sound  ? 

3.  Is  it  correct  to  say  that  a  radio  wave  is  a  sound  wave  ?  Can 
you  defend  your  answer? 

4.  In  terms  of  vibration,  what  determines  pitch?  loudness? 

5.  Can  you  trace  the  means  by  which  the  sound  of  the  voice 
is  recorded  and  reproduced  in  a  phonograph? 

6.  What  are  the  main  features  of  a  simple  telephone  circuit  ? 

7.  How  are  the  effects  of  sound  waves  picked  up  by  a  tele¬ 
phone  transmitter,  carried  as  electrical  energy,  and  transformed 
again  through  the  receiver  as  sound  ? 
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8.  What  are  the  principles  of  the  induction  coil,  and  how  are 
they  applied  in  the  radio? 

9.  What  parts  do  the  grid,  the  plate,  and  the  filament  of  a 
vacuum  tube  play  in  radio  ? 

10.  What  are  the  relationships  between  the  A  circuit,  the  B 
circuit,  and  the  grid  circuit  in  a  sending  set  ?  in  a  receiving  set  ? 
How  do  the  aerial  and  ground  wire  affect  these  circuits  ?  What 
part  does  the  condenser  play  ? 

11.  What  is  meant  by  the  statement  that  a  radio  station  sends 
on  a  certain  frequency  in  kilocycles  ? 

12.  How  does  the  normal  radio  carrier  wave  differ  from  the 
modulated  wave  ?  What  produces  the  modulation  ?  How  does 
the  sending  set  control  the  electric  current  so  as  to  produce  this 
effect  ? 

Questions  for  Discussion 

1.  Why  do  most  radios  have  to  be  " warmed  up”  before  the 
program  starts  to  come  in  ? 

2.  Can  you  explain  in  scientific  terms  just  what  you  do  when 
you  "tune  in”  a  certain  radio  station? 

3.  What  do  you  think  are  the  essential  differences  between  the 
"wireless”  telegraph  of  Marconi  and  the  radio  of  today?  Con¬ 
sider  principles,  not  small  differences. 

4.  Musicians  group  musical  instruments  into  these  general 
classes :  the  percussion  group,  the  wind  group,  and  the  string 
group.  Does  vibration  enter  into  the  production  of  sound  by  all 
instruments  in  each  of  these  groups  ?  Does  it  differ  from  group 
to  group  ? 

5.  Can  you  think  of  any  factors  which  might  influence  the 
quality  of  sound  ? 

6.  Would  you  agree  that  the  telephone  is  a  necessity  rather 
than  a  luxury  in  our  modern  civilization  ? 

7.  In  what  respects  is  the  vacuum-tube  radio  an  improvement 
over  the  old  crystal  set  ? 

8.  How  do  you  think  the  frequency  of  cycles  is  controlled  in  a 
receiving  station  ? 

9.  What  evidence  can  you  present  on  both  sides  of  this  ques¬ 
tion,  "Is  radio  a  blessing  or  a  curse  in  modern  life?” 
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Here  are  Some  Things  You  May  Want  to  Do 

1.  Plan  and  take  a  trip  to  a  radio  broadcasting  station  or  a 
telephone  exchange.  Be  sure  to  decide  just  what  you  want  to 
find  out  and  the  questions  you  want  to  ask,  so  that  your  trip  will 
not  be  merely  a  sight-seeing  one. 

2.  In  England,  radio  listeners  are  taxed  for  their  sets,  and  the 
money  thus  secured  pays  for  the  cost  of  programs.  In  this  coun¬ 
try  the  cost  for  the  most  part  is  paid  for  by  advertising.  Hold  a 
class  discussion  on  the  relative  merits  of  the  two  plans. 

3.  Make  a  large  wall  chart  illustrating  the  simple  sending  and 
receiving  radio  circuits  described  in  this  chapter.  The  various 
circuits  could  be  drawn  in  colored  ink  of  a  different  color.  Label 
your  diagram,  being  sure  to  indicate  the  flow  of  electrons. 


Fig.  319.  Through  the  Careful  Work  of  Public  Health  Officials  Much 
has  been  done  to  improve  Personal  and  Community  Health 


UNIT  VI 


How  has  Man  gained  an  Increasing  Control 
over  the  Conditions  of  the  Environment  which 
make  for  Healthful  Living? 


Chapter  XXIV  •  How  does  a  Healthy  Human  Organism  Func¬ 
tion? 

Chapter  XXV  •  What  is  the  Work  of  the  Nervous  System  in 
the  Human  Organism? 

Chapter  XXVI  •  What  are  the  Causes  of  Illness,  and  How 
may  we  avoid  Them? 

Chapter  XXVII  •  How  does  Man  control  the  Condition  of 
the  Air  Indoors? 

Chapter  XXVIII  •  How  is  the  Health  of  the  Community 
Controlled? 


YOU  HAVE  by  now  studied  many  of  the  achievements 
through  which  man  has  gained  control  over  features  of 
his  environment.  In  your  study  you  have  observed  again  and 
again  the  exercise  of  intellect.  Driven  by  desires  to  under¬ 
stand  and  control  the  forces  of  the  environment,  man  has  de¬ 
veloped  new  forms  of  plants  and  animals;  he  has  learned 
to  separate  metals  from  ores  and  to  make  these  metals  into 
machines;  and  he  has  learned  to  harness  the  energy  that  flows 
over  the  earth  and  use  it  in  many  ways.  In  addition  to  these 
achievements  in  controlling  his  environment  man  has  learned 
to  interpret  the  changes  in  progress  on  the  earth  and  the 
manner  in  which  living  things  are  adapted  to  these  changes 
and  he  has  learned  to  interpret  the  motions  of  the  earth  and 
other  bodies  of  the  universe  as  they  move  in  space. 

And  now  we  may  ask,  What  is  the  nature  of  man  himself? 
How  is  he  able  to  do  all  these  things?  These  questions,  like 
others,  are  more  than  we  can  answer,  but  we  can  learn  many 
things  about  them. 

What  is  it  that,  more  than  anything  else,  distinguishes 
man  from  other  animals?  The  answers  to  this  question  may 
be  summed  up  in  one  sentence.  Through  the  use  of  his  nerv¬ 
ous  system  man  is  able  to  make  things;  and  having  made  a 
thing,  he  is  able  to  improve  it.  No  other  animal  can  do  this. 

In  this  Unit  we  turn  our  attention  to  the  study  of  the  func¬ 
tioning  of  the  human  organism.  What  is  the  general  char¬ 
acter  of  the  nervous  system?  How  do  the  muscles  get  power 
from  food?  What  may  we  do  as  individuals  and  as  members 
of  a  community  toward  keeping  conditions  favorable  for 
normal  functioning?  In  other  words,  how  may  we  maintain 
our  health  and  how  may  we  maintain  healthful  conditions  in 
our  communities? 


Chapter  XXIV  •  How  does  a  Healthy  Human 
Organism  Function? 

What  do  you  mean  when  you  say  a  person  is  healthy? 
Is  a  person  healthy  just  simply  because  he  isn’t  sick  ?  How 
sick  does  he  have  to  be  to  be  unhealthy  ?  Is  he  healthy  just 
as  long  as  he  can  "get  by”  without  a  doctor?  Are  there 
differing  degrees  of  health  ?  Perhaps  these  questions  suggest 
only  a  negative  definition.  A  far  better  way  to  define 
health  is  to  tell  what  it  is,  instead  of  what  it  is  not.  Can 
we  find  such  a  definition  ? 

How  does  a  healthy  human  organism  function?  Much 
of  the  work  of  this  unit  concerns  the  functioning  of  the 
human  organism  under  healthful  conditions.  As  a  part  of 
this  story  we  must  deal  with  the  factors  which  disturb 
healthy  functioning.  Since  all  of  this  story  makes  constant 
reference  to  the  bodily  organism  and  its  various  parts,  we 
must  study  a  little  more  carefully  how  various  parts  of  the 
body  are  adapted  to  special  functions. 

A.  What  are  the  Functions  of  the  Skeleton? 

You  are  doubtless  familiar  with  the  general  make-up  of 
the  human  skeleton.  It  is  shown  in  Fig.  320.  The  total 
number  of  bones  is  slightly  over  two  hundred.  Some  are 
large,  and  some  are  small.  Many  of  them  are  connected 
through  moving  joints,  and  the  bones  are  held  together  by 
strong  ligaments.  Observation  shows  that  many  bones  of 
the  skeleton  function  as  levers.  Recall  what  ,  ,  . 

The  bones  of  the 

you  learned  about  the  simple  lever,  and  skeleton  act  as 
apply  it  to  the  action  in  your  arm  when  levers 
you  pick  up  a  book  or  a  heavier  object.  Look  again  at 
Fig.  177  on  page  332.  If  you  will  think  of  many  similar 
actions,  you  can  easily  decide  that  one  function  of  the 
skeleton  is  to  help  the  body  in  motion.  Notice  the  golfer 
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as  he  follows  through  in  making  a  drive  (Fig.  321).  There 
is  some  motion  at  nearly  every  joint  in  his  body.  Even  walk- 

The  bone«  are  held  *ng  reQuires  action  of  many  muscles.  Thus 
together  by  liga-  the  skeleton  can  be  seen  as  a  combination  of 

ments  levers  controlled  by  muscles  in  such  a  man¬ 

ner  that  we  may  direct  our  motions  in  many  different  ways. 
Perhaps  you  have  wondered  how  these  bones  are  held 

together  and  made  to 
move.  The  next  time 
you  have  a  leg  of  lamb 
for  dinner  examine  it 
carefully  after  the  meat 
has  been  removed.  No¬ 
tice  the  remains  of  the 
.ligament  that  held  the 
bones  together.  If  you 
wish  to  study  this  even 
more  closely,  boil  the 
bone  in  strong  salt  water 
for  fifteen  minutes.  Now 
the  ligaments  come  loose 
from  the  bone,  and  you 
can  see  clearly  how  the 
bones  are  fitted  together. 
Have  you  ever  heard  of 
anyone’s  having  an  acci¬ 
dent  in  which  he  threw 
a  bone  out  of  joint? 
What  do  you  think  this 
means?  A  very  severe 
strain  may  cause  such 
an  accident. 

If  you  could  look  at  the  bones  of  your  own  skeleton  as 
closely  as  this,  you  would  see  that  they  are  fitted  together 
in  much  the  same  way  as  are  the  bones  of  the  leg  of  lamb. 
As  you  sit  on  a  chair,  observe  how  easy  it  is  for  you  to  swing 


Fig.  320.  The  Bones  of  the  Skeleton  Act 
as  Levers 

How  many  levers  of  the  three  types  can 
you  find  in  this  skeleton? 
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your  legs  back  and  forth.  How  is  this  possible?  Study 
Fig.  322,  which  shows  (a)  an  X  ray  of  the  knee  joint  and 
(b)  the  tendons  and  ligaments  of  the  leg. 

Notice  that  the  joints  are  bound  together  movrihrbones'are 
by  ligaments  and  that  the  muscles  are  at-  dually  attached  by 
tached  through  tendons.  Notice,  too,  how  means  of  tendons 
the  enlargement  of  the  bones  at  the  end  allows  space  for 
these  attachments.  Ligaments  and  tendons  are  very  strong. 

You  may  under¬ 


stand  from  Fig.  322 
what  happens  when 
you  strain  your  knee 
through  an  injury  to 
one  or  more  of  these 
attachments.  What 
should  you  do  when 
you  suffer  a  strain? 

Obviously  the  injury 
will  grow  worse  if  you 
continue  to  use  the 
knee.  Therefore  re¬ 
covery  will  be  quick¬ 
est  if  you  keep  the 
knee  still.  If  the  strain 
is  quite  serious,  it  may 
be  necessary  to  set 
the  joint  in  a  cast  so 
that  you  cannot  move 
it  until  there  has  been 
time  for  the  injury  to 
repair  itself. 

You  may  think  of 

bone  as  hard  and  unbending.  But,  as  you  may  know,  the 
bones  of  a  child  are  not  so  hard  as  the  bones  of  an  adult. 
At  birth  the  bones  are  flexible  (that  is,  they  will  bend),  and 
the  joints  move  with  greater  freedom.  A  child  is  often  twelve 


Ewing  Galloway 

Fig.  321.  In  Some  Forms  of  Physical  Action 
there  is  Motion  at  Nearly  Every  Joint  in 
the  Body 

This  golfer  has  been  said  to  have  perfect  bodily 
coordination.  What  do  you  think  this  means  ? 
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Fig.  322.  The  Bones  of  the  Skeleton  are  closely  fitted  together,  and  are  held 
together  by  Ligaments 

a,  an  X  ray  of  the  knee  joint ;  b,  some  of  the  tendons  and 
ligaments  of  the  leg 


months  old  or  more  before  he  is  able  to  stand  upright.  Evi¬ 
dently  the  bones  of  the  body  harden  as  the  child  develops. 

In  their  early  stages  the  bones  are  composed  of  tough, 

elastic  tissue.  The  chemical  elements  necessary  for  growth 

Bones  are  composed  and  development  are  fed  to  the  bones 

of  compounds  of  through  the  blood.  Compounds,  of  which 
chemical  elements  i  •  ,  1  , 

calcium  phosphate  and  calcium  carbonate 
are  in  greatest  abundance,  deposit  in  the  bones,  causing 
them  to  harden.  You  may  recall  from  previous  study  that 
vitamin  D  is  essential  to  healthy  growth  of  the  bones.  If 
there  is  insufficient  vitamin  D  in  the  diet,  these  minerals 
do  not  deposit  properly  and  healthy  bones  do  not  form. 

The  bones  harden  as  they  grow  larger.  The  hardening 
continues  through  the  period  of  childhood  and  into  adult 
life.  This  gradual  development  helps  to  explain  why  a  child 
can  experience  without  harm  falls  which  would  result  in 
serious  physical  injury  to  an  older  person. 
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Fig.  323.  The  Bones  of  the  Body  are  Hollow 

Would  a  bone  such  as  this  look  different  in  an  old  person  from  the 
way  it  looked  in  the  person’s  childhood? 


It  is  easy  to  remove  most  of  the  mineral  compounds  from 
a  bone,  for  they  are  soluble  in  acid.  Place  a  chicken  bone 
(the  "drumstick,”  for  example)  in  some  strong  vinegar  or 
in  some  dilute  hydrochloric  acid  and  leave  it  until  the  bone 
has  softened  so  that  it  will  bend  without  breaking.  If  you 
wish,  you  may  evaporate  the  acid  solution  and  obtain  some 
of  the  "minerals.” 

If  you  cut  with  a  knife  this  softened  bone,  you  see  at 
once  that  the  bone  is  hollow.  Fig.  323  shows  a  section  of 
the  long  bone  of  the  human  leg.  It  too  is  hollow.  In  child¬ 
hood  this  hollow  space  is  partly  filled  with  a  spongy  bone 
tissue  which  slowly  disappears  with  advancing  age.  There 
is  bone  marrow  in  the  hollow  space.  This  marrow  func¬ 
tions  in  connection  with  providing  the  bone  with  nourish¬ 
ment.  It  also  functions  in  another  important  respect, 
which  at  this  time  need  only  be  mentioned.  Red  blood 
cells  are  manufactured  in  the  bone  marrow. 

A  broken  bone  is  a  sad  reminder  of  the  function  of  the 
bones  in  the  body.  Without  them  we  are  powerless  to  stand 
upright.  However,  our  bones  do  have  re-  Broken  bones  re¬ 
markable  power  to  restore  themselves.  Pair  themselves 
Fig.  324  shows  an  X  ray  of  a  broken  bone,  shows  how  it  was 
set,  and  how  it  appeared  after  healing.  If  you  could  follow 
the  process  closely,  you  would  see  that  the  broken  ends 
begin  to  form  new  cells.  A  tissue  like  that  of  the  bones  in 
a  very  young  child  forms  across  the  gap  and  slowly 
hardens.  The  manner  in  which  this  new  growth  occurs  is 
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Fig.  324.  With  Proper  Care  Broken  Bones  repair  Themselves 

a,  X  ray  of  a  broken  leg ;  &,  the  bone  after  being  properly  set ;  c,  the  leg 
after  the  bone  has  knitted  properly 


similar  to  the  manner  in  which  the  soft  bone  of  an  infant 
changes  to  the  hard  bone  of  an  adult  except  that,  in  heal¬ 
ing,  the  changes  go  on  much  faster.  During  the  process  of 
healing,  the  bone  must  be  carefully  protected,  and  for  this 
reason  it  is  set  in  a  cast.  After  healing  is  complete,  the  bone 
is  as  strong  as  ever. 

B.  What  Part  do  Muscles  play  in  the  Functioning 
of  the  Body? 

The  most  obvious  muscles  are  those  attached  to  the 
skeleton.  You  may  feel  your  own  muscles  as  they  tighten 
and  relax,  or  loosen.  While  these  skeletal  muscles  are  most 
in  evidence,  there  are  others  quite  unlike  the  skeletal 
muscles  in  both  structure  and  function.  There  is  the  dia¬ 
phragm,  a  sheet  of  muscle  separating  the  chest  and  the 
abdomen.  This  sheet  of  muscle,  shown  in  Fig.  325,  serves 
an  important  function  in  breathing.  There  are  muscles  in 
the  walls  of  the  arteries ;  you  may  feel  their  action  as  you 
count  your  pulse.  There  are  other  muscles  in  the  walls  of 
the  esophagus,  the  stomach,  and  the  intestine.  In  addition 
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to  these  muscles  and  others  that  resemble  them  in  structure 
and  function,  there  is  the  heart  muscle. 

On  the  basis  of  structure  and  function  there  are  three 
different  kinds  of  muscles :  (1)  striated  and  voluntary 

(skeletal  muscle)  ;  (2)  Smooth  and  invol-  There  are  three 
untary  (muscles  of  diaphragm,  stomach,  types  of  muscles 
intestine,  and  others) ;  (3)  striated  and  involuntary  (heart 
muscle).  The  lean  meat  of  pork  or  beef  is  striated  muscle. 

We  say  that  the 
skeletal  muscles  are 
striated  and  volun¬ 
tary.  What  does  this 
mean?  Striated  is  a 
word  which  means 
"striped/'  and  when 
used  for  the  descrip¬ 
tion  of  a  muscle  re¬ 
fers  to  its  appearance. 

You  see  striated  mus¬ 
cles  when  you  eat  lean 
meat.  Boiled  muscle 
tissue  may  be  easily 
separated  into  muscle 
fibers,  and  by  close 
examination  you  may  see  the  stripes  on  the  separated 
fibers.  Fig.  326  shows  the  appearance  of  smooth  and 
striated  muscles  when  seen  through  a  microscope.  But 
why  are  the  skeletal  muscles  called  voluntary?  It  is  be¬ 
cause  they  may  be  controlled  by  thought  processes.  You 
will  learn  more  about  this  later. 

In  contrast,  the  smooth  muscles  work  without  voluntary 
control.  You  cannot  by  conscious  effort  affect  the  action  of 
the  muscles  in  the  walls  of  the  intestine.  Neither  can  you 
consciously  increase  or  decrease  the  rate  of  your  pulse.  You 
may,  however,  hold  your  breath  for  a  short  time,  and  thus 
may  consciously  increase  or  decrease  the  rate  of  breathing. 


Lum 


Diaphragm- 

Right  lol 
of  liver 
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Fig.  325.  The  Muscle  Sheet  of  the  Dia¬ 
phragm  serves  an  Important  Function  in 
Breathing 
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Fig.  326.  In  Structure  there  are  Two  Types  of  Muscle:  the  Striated  (A) 
and  the  Smooth  ( B ) 

The  pictures  above  are  microphotographs  of  tissue  from  each  of  these 
types.  Which  one  does  the  cardiac  muscle  resemble? 


But  normally  you  breathe  without  thinking  about  it.  This 
leaves  us  with  the  last  type,  heart  muscle.  There  is  no 
other  like  it,  for  it  shows  striations  and  is  also  involuntary. 

The  muscles  are  of  importance  for  several  reasons.  You 
know  of  course  that  they  furnish  the  power  by  which  mo- 
„  .  tion  is  made  possible.  But  they  are  im- 

is  released  in  the  portant  in  other  ways.  It  is  in  the  muscles 
muscles  that  the  energy  of  food  is  released.  You 

know  some  things  about  the  changes  that  go  on  as  muscles 
are  exercised.  Foods  and  oxygen  are  dissolved  in  the  blood 
and  are  distributed  to  the  muscles.  The  solution  seeps 
through  the  walls  of  the  capillaries,  as  the  small  blood 
vessels  connecting  the  arteries  and  veins  are  called,  and  the 
muscle  cells  are  bathed  in  the  nourishing  liquid.  Chemical 
changes  take  place  as  energy  is  released.  Under  normal 
conditions  simple  sugars  are  oxidized,  and  energy  in  the 
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foods  is  changed  into  energy  of  heat  and  mechanical 
motion.  The  expression  for  this  chemical  change  you  have 
seen  before : 

C6H12O6  +  6  O2  — >■  6  CO2  +  6  H2O 

glucose  oxygen  carbon  dioxide  water 

The  changes  are  really  not  so  simple  as  seem  to  be  sug¬ 
gested  by  this  expression.  The  rate  at  which  energy  is 
released  by  this  chemical  change  is  limited  by  the  rate  at 
which  oxygen  can  be  taken  into  the  lungs.  Let  us  study 
this  relationship. 


C.  How  do  the  Muscles  function  during  Vigorous 
Exercise? 

The  best  way  to  introduce  this  problem  is  to  consider  a 
particular  form  of  such  exercise.  Let  us  look  at  an  athlete 
in  a  440-yard  dash,  which  is  considered  by  many  the  most 
taxing  of  all  track  events.  The  world’s  record  is  47.4 
seconds.  Our  runner  was  not  quite  so  fast  as  this,  but  he 
was  a  good  athlete. 

Observations  taken  of  this  athlete  show  that,  starting 
from  rest,  he  ran  440  yards  in  1  minute.  During  this  in¬ 
terval  he  did  not  take  in  enough  oxygen, 
for  at  the  end  of  the  race  he  was  out  of 
breath.  Careful  observations  show  that 
the  energy  requirements  of  his  body  dur¬ 
ing  this  race  were  equal  to  the  amount  that 
might  be  released  in  oxidation  by  15.8  quarts  of  oxygen. 
Yet  the  runner  could  not  take  in  more  than  1.8  quarts  dur- 
the  race  (1  minute).  In  other  words,  the  athlete  developed 
an  "oxygen  debt”  of  14  quarts.  Heavy  breathing  con¬ 
tinued  following  the  race  until  this  oxygen  debt  was  re¬ 
paid.  We  shall  come  back  to  this  a  little  later. 

What  goes  on  in  the  muscles  of  the  runner  while  this 
oxygen  debt  is  developing?  Examination  of  a  healthy 
muscle  shows  that  considerable  food  is  stored  in  it.  You 
know  something  of  how  glycogen  is  stored  in  the  liver.  It 


Vigorous  exercise 
causes  an  w  oxygen 
debt”  which  must 
be  paid  before 
normal  function¬ 
ing  is  resumed 
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Fig.  327.  The  Rate  of  Muscle  Fatigue  may  be  Determined  Very  Accurately 

The  machine  shown  here  is  called  an  ergograph.  Of  what  value  do  you  think 
such  records  are? 


is  stored  in  the  muscles  also.  In  a  healthy  muscle  there  is 
enough  stored  to  supply  energy  for  a  considerable  time. 

,  As  the  muscle  is  exercised,  some  of  the 

Muscle  fatigue  is  .  .  .  ,  .  .  ,  , .  .  . 

accompanied  by  glycogen  is  changed  to  glucose,  and  this  m 

lactic°acMi0n  °f  turn  *s  c^anSe(^  to  lactic  acid.  In  these 
changes  energy  is  released,  which  supplies 
force  to  the  muscle.  The  release  of  lactic  acid  interferes 
with  the  action  of  the  muscles.  It  is,  in  fact,  the  major 
cause  of  fatigue.  The  muscle  recovers  from  fatigue  as  the 
extra  supply  of  lactic  acid  is  cleared  away. 

Examine  a  muscle  in  action.  Suppose  you  were  to 
attach  your  finger  to  a  machine  like  the  one  shown  in 
Fig.  327.  The  blackened  drum  is  run  by  clockwork  so  that 
it  moves  at  a  uniform  rate.  While  your  finger  is  still,  the 
needle  traces  a  straight  line;  but  as  the  finger  is  moved, 
the  needle  moves  up  and  down.  In  one  experiment  a  load 
of  3  kilograms  (6.6  pounds)  was  attached  to  the  middle 
finger  and  raised  at  intervals  of  every  two  seconds.  The 
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needle  registered  on  the  drum  the  character  of  each  con¬ 
traction.  The  observations  were  continued  through  forty- 
six  contractions,  coming  at  the  rate  of  one  every  two 
seconds.  The  record  is  shown  in  Fig.  328.  Notice  that  the 
first  contraction  is  long  and  vigorous.  But  Muscle  fatigue  in 
study  the  record  more  closely.  The  force  creases  as  work 
of  the  contractions  decreased  rather  rap-  contmues 
idly  through  the  first  twenty  seconds,  then  more  slowly 
through  the  next  forty  seconds.  Through  the  next  thirty-six 
seconds  the  force  of 
the  contractions  fell 
off  rapidly  until  the 
failure  of  the  muscle 
was  nearly  complete. 

What  was  going  on 
in  the  muscle  cells? 

Only  a  partial  answer 
can  be  given.  It  is 
certain  that  lactic  acid 
was  collecting.  This 
indicates  that  there 
is  a  need  for  oxygen. 

At  the  end  the  need 
for  oxygen  is  so  great 
that  the  muscle  can¬ 
not  function.  As  the 
finger  was  rested,  how¬ 
ever,  certain  other 
chemical  changes  took  place.  The  lactic  acid  was  cleared 
away,  and  the  muscle  was  again  in  condition  to  function 
normally. 

Now  let  us  come  back  again  to  our  problem  of  oxygen 
debt.  In  violent  exercise,  such  as  racing,  the  muscles  of  the 
body  are  fatigued  in  much  the  same  way  as  the  muscles  of 
the  finger  are  fatigued  in  this  experiment.  A  runner  moving 
with  all  the  speed  he  has  must  stop  in  a  few  minutes  for 


Fig.  328.  Muscle  Fatigue  increases  as  Work 
Continues 

This  record  was  made  with  a  machine  similar 
to  that  in  Fig.  327 
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rest.  In  a  race  of  100  yards  a  runner  finished  in  10f  seconds. 
This  is  at  the  rate  of  about  9.2  yards  in  1  second.  At  the 
end  he  was  thoroughly  exhausted  and  panting  furiously 
for  oxygen.  Careful  studies  showed  that  the  oxygen  re¬ 
quired  to  produce  the  energy  used  in  this  race  was  about 
5f  quarts.  This  was  determined,  as  described  below,  by 
measuring  the  amount  of  oxygen  required  for  recovery 
after  the  race.  Five  and  one-half  quarts  in  lOf  seconds 
is  at  the  rate  of  about  30  quarts  a  minute.  This  demand, 
of  course,  is  many  times  greater  than  the  lungs  and  cir¬ 
culation  can  supply.  Therefore  during  racing  an  oxygen 
debt  collects  that  must  be  repaid  during  rest. 

As  1  quart  of  oxygen  reacts  chemically  with  glucose, 
about  5  kilogram-calories  of  heat  energy  are  produced, 
rrpi  , .  You  may  recall  from  earlier  work  that  1 

1  he  energy  used  m  #  ^ 

exercise  may  be  ac-  kilogram-calorie  is  equivalent  to  about 
curately  measured  3000  foot.pounds.  Five  kilogram-calories 

are  equivalent  to  15,000  foot-pounds  of  energy.  During  the 
race  the  runner  was  using  energy  at  the  rate  of  450,000 
foot-pounds  per  minute,  or  at  the  rate  of  more  than  13 


work  at  this  rate  for  more  than  a  few  seconds  at  a  time. 

The  oxygen  debt  which  may  be  carried  varies  with  dif¬ 
ferent  people  and  is  fairly  constant  for  the  same  person. 
A  measure  of  the  oxygen  debt  in  a  particular  person  is  taken 
by  measuring  the  amount  of  oxygen  used  during  normal 
breathing  and  the  amount  used  during  heavy  breathing 
following  a  period  of  exercise.  In  this  experiment  the 
athlete  breathes  through  a  gas  meter  which  measures  the 
amount  of  air  entering  his  lungs.  Air  from  the  lungs  is 
collected  in  a  large  bag.  Chemical  examination  of  the  air 
in  the  bag  will  show  the  amount  of  oxygen  taken  from  it. 
The  measurements  are  continued  after  the  experiment  until 
breathing  is  at  a  normal  rate.  The  method  used  is  shown 
in  Fig.  329.  The  difference  between  the  amount  of  oxygen 
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Fig.  329.  The  Oxygen  Debt  acquired  during  Vigorous  Exercise  may  also 
be  measured  Very  Accurately 

After  reading  the  text  see  if  you  can  explain  the  method  of  measurement 
shown  here 1 

used  during  rest  and  the  amount  used  during  heavy  breath¬ 
ing  following  exercise  is  a  measure  of  the  oxygen  debt 
acquired  while  exercising.  The  athlete  who  can  show 
greatest  endurance  has  the  ability  to  carry  the  greatest 
oxygen  debt. 

Careful  studies  of  the  runner  referred  to  above  show 
that  he  may  continue  to  exercise  until  his  oxygen  debt, 
that  is,  the  amount  of  oxygen  required  to  restore  his 
muscles  to  normal  condition,  is  as  much  as  14  quarts.  His 
greatest  oxygen  intake  from  breathing  air  is  about  12 
quarts  in  four  minutes.  This  racer  may  do  in  four  minutes 
the  amount  of  work  equivalent  to  that  done  by  breathing 
26  quarts  of  oxygen  (14  +  12  =  26).  Since  1  quart  is  equiv¬ 
alent  to  15,000  foot-pounds,  this  is  at  the  rate  of  390,000 
foot-pounds  in  four  minutes,  or  97,500  foot-pounds  in  one 
minute.  This  is  at  the  rate  of  nearly  3  horsepower.  In 
other  words,  the  runner  who  worked  at  the  rate  of  more 
than  13  horsepower  for  ten  seconds  can  work  at  the  rate  of 
less  than  3  horsepower  for  four  minutes.  As  he  continues, 

1  From  HilPs  Living  Machinery.  By  permission  of  Harcourt,  Brace 
and  Company. 
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the  rate  at  which  he  can  work  becomes  slower.  An  average 
strong  man  can  work  through  the  day  at  the  rate  of  about 
Y  horsepower. 

To  summarize  this  section,  we  may  say  that  there  is  a 
definite  limit  to  the  rate  at  which  oxygen  can  be  taken  into 
the  body.  If  the  demand  for  oxygen  is  greater  than  can  be 
supplied,  as  it  is  during  vigorous  exercise,  an  oxygen  debt 
develops.  This  oxygen  debt  is  repaid  by  rapid  breathing, 
which  continues  after  the  vigorous  exercise  has  ceased. 


D.  What  are  the  Effects  of  Exercise? 

There  are  obvious  effects  produced  by  exercise.  A  foot 
race  or  even  a  brisk  walk  brings  an  increase  in  the  rate  of 

Exercise  makes  de-  breathing.  Energy  is  released  from  the 
mands  upon  all  foods  at  a  more  rapid  rate.  Therefore  more 
organs  of  the  body  OXyg0n  an(j  more  foods  are  demanded  by 

the  cells.  There  is  an  increase  in  the  rate  of  heartbeat, 
and  the  body  as  a  whole  responds  to  the  demands  arising 
in  the  muscle  cells  as  they  are  exercised.  Certainly  the 
body  is  affected  by  exercise.  Study  the  effects  of  exercise 
on  the  heart  by  comparing  its  action  before  and  after  vig¬ 
orous  exercise. 

First  of  all,  let  us  look  at  the  heart  itself.  Imagine  the 
blood  stream  as  it  flows  back  toward  the  heart  through 
a  system  of  veins.  These  combine  near  the  heart  into  two 
large  veins  called  the  superior  vena  cava  and  the  inferior 
vena  cava  (Fig.  330).  These  veins  in  turn  enter  the  upper 
right-hand  chamber  of  the  heart  (called  the  right  auricle). 
As  the  heart  beats,  the  blood  flows  from  the  auricle  into 
the  lower  right-hand  chamber,  called  the  right  ventricle. 
The  heartbeat  continues,  and  the  blood  is  pumped  from 
the  right  ventricle  into  the  pulmonary  artery,  which  carries 
it  into  the  lungs.  Here,  as  you  have  learned,  it  gets  a  new 
supply  of  oxygen.  On  its  return  journey  it  flows  back 
through  the  pulmonary  vein  into  the  upper  left-hand 
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Right  branch  of 
pulmonary  artery 


Aorta 


Left  branch  of 
pulmonary  artery 


Pulmonary 
f _ veins 


■Left  auricle 


chamber  of  the  heart,  called  the  left  auricle,  and  from  there 
into  the  lower  left-hand  chamber,  called  the  left  ventricle. 
It  now  leaves  the  heart  through  the  principal  artery,  called 
the  aorta,  and  thus  runs  a  cycle. 

From  the  foregoing  description  you  can  see  that  the 
ventricles  (right  and  left),  shown  in  Fig.  330,  are  the  cham¬ 
bers  from  which  blood 
is  pumped.  As  the 
strong  muscles  con¬ 
tract,  the  blood  is 
forced  out  of  the  ven¬ 
tricles,  producing  a 
sound  described  by  RigM 
medical  students  as 
"lubb.”  As  the  mus¬ 
cles  relax,  a  valve 
closes  to  prevent  the 
blood  from  flowing 
directly  back  into  the 
ventricle.  The  sound  Right  ventricle  Left  ventricle 

produced  by  the  valve  pIG>  330.  Blood  enters  the  Auricles  and  leaves 
as  it  closes  is  described  from  the  Ventricles 

as  dup.  The  two  This  diagram  shows  a  cross  section  of  the  heart. 
Sounds  "lubb-dur>”  From  ^  can  y°u  explain  how  blood  reaches  the 
,  .  -  heart  and  leaves  it  again  ?  What  part  do  the 

make  one  heartbeat.  valves  play? 

Normally  the  rate  of 

heartbeat  in  a  healthy  person  is  about  seventy  times  a 
minute.  The  rate  is  faster  in  children  than  it  is  in  adults. 

The  amount  of  blood  flowing  through  the  heart  is  fairly 
large,  about  1  gallon  in  a  minute.  This  is  60  gallons  in  an 
hour,  1440  gallons  a  day,  and  34,164,000  ^  , 
gallons  m  sixty-five  years.  The  heart  is  iarge  quantities  of 
really  a  busy  organ.  b^d°^  though  the 

The  force  with  which  blood  leaves  the 
heart  is  called  the  blood  pressure.  This  may  be  measured 
with  an  instrument  like  the  one  shown  in  Fig.  331.  This 
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is  called  a  sphygmomanometer  ( sphygmo  is  derived  from  a 
Greek  word  meaning  "pulse”).  You  have  probably  had 
your  blood  pressure  taken.  A  rubber  bag  is  strapped  about 
the  arm.  Air  is  forced  into  the  bag  with  a  small  hand  pump. 
A  tube  from  the  bag  is  attached  to  a  mercury  gauge,  which 

measures  the  air  pres¬ 
sure  within  the  bag. 
As  more  air  is  forced 
into  the  rubber  bag, 
the  pressure  on  the 
arm  increases.  In  a 


little  while  it  is  great 
enough  to  close  the 
arteries  and  stop  the 
flow  of  blood  into 
the  arm. 

When  the  physi¬ 
cian  is  taking  your 
blood  pressure,  he 
places  his  fingers  over 
the  large  artery  in  the 
arm,  between  the  bag 
and  your  hand,  as 
shown  in  Fig.  331,  and 
feels  your  pulse.  In 
this  manner  he  can 
feel  the  blood  flow¬ 
ing  through  the  ar¬ 
tery  and  he  can  de¬ 
termine  the  pressure 
which  is  just  sufficient  to  stop  the  flow  into  this  artery. 
The  pressure  of  the  air  in  the  bag  against  your  arm  is 
just  the  same  as  the  pressure  supporting  the  mercury  in 
the  tube. 

Your  physician  may  tell  you  that  your  blood  pressure 
is  116.  This  is  normal  for  fifteen-year-old  boys  (110  is 


Fig.  331.  Blood  Pressure  is  a  Measure  of  the 
Force  required  to  drive  the  Blood  through 
the  Body 

Can  you  explain  the  method  illustrated  here? 
Why  is  a  doctor  interested  in  the  blood  pres¬ 
sure  of  an  adult? 
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normal  for  fifteen-year-old  girls).  The  physician  means  by 
this  that  your  blood  pressure  is  a  force  sufficient  to  support 
a  column  of  mercury  to  a  height  of  116  Blood  pressure  is 
millimeters.  This  is  equal  to  about  4.5 
inches.  Since  mercury  is  13.6  times  heav-  drive  the  blood 
ier  than  water,  your  blood  pressure  is  through  the  bo(h 
sufficient  to  support  a  column  of  water  about  60  inches,  or 
5  feet,  high  (4.5  X  13.6  =  61.2). 

How  much  work  is  done  by  your  heart  in  one  hour  while 
you  are  at  rest  ?  The  density  of  the  blood  is  about  the  same 
as  the  density  of  water.  One  gallon  weighs  about  8  pounds. 
Blood  flows  through  the  heart  at  the  rate  of  about  1  gallon 
(8  pounds)  a  minute  and  with  force  enough  to  raise  it  to  a 
height  of  5  feet.  The  work  done  in  one  minute  is  therefore 
sufficient  to  raise  8  pounds  of  blood  a  distance  of  5  feet. 
This  is  40  foot-pounds,  a  little  more  than  yoxoo  horsepower. 

But  what  happens  during  exercise  ?  During  a  hard  race 
the  heartbeat  increases  enormously.  At  the  end  of  a  quar¬ 
ter  of  a  mile  it  may  be  working  at  the  rate  Exercise  affects  tjie 
of  140  beats  or  even  faster.  The  blood  amount  of  work 
pressure  remains  about  the  same,  and  done  by tbe  beart 
about  the  same  amount  of  blood  passes  through  the  heart 
with  each  beat.  But  with  the  increased  heartbeat  under 
these  severe  conditions  about  2  gallons  of  blood  pass 
through  the  heart  each  minute.  The  heart  is  now  working 
at  the  rate  of  80  foot-pounds  a  minute.  Obviously  there 
is  a  limit  to  the  rate  at  which  the  heart  can  work.  This 
varies  at  different  ages  and  in  different  people.  For  healthy 
high-school  boys  the  limit  is  about  150  beats  a  minute. 

While  resting  you  may  breathe  sixteen  times  in  a  minute 
and  in  this  time  take  into  the  blood  about  1  pint  of  oxygen. 
As  you  walk,  however,  the  rate  increases.  Exercise  affects  tEe 
In  one  observation  of  a  man  walking  at  amount  of  oxygen 
the  rate  of  5  miles  per  hour  oxygen  was  usedby the  body 
used  at  the  rate  of  4J  pints  per  minute,  or  4^  times  the 
amount  used  while  at  rest.  In  order  to  supply  this  amount 
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of  oxygen  the  person  breathed  deeper  and  faster.  Muscles 
in  his  chest  and  air  sacs  in  his  lungs  were  exercised  more 
vigorously  as  a  result  of  walking. 

The  amount  of  food  eaten  and  the  amount  of  energy 
released  may  be  measured.  You  have  already  learned  that 
the  rate  of  energy  release  is  increased  enormously  during 
vigorous  exercise.  The  person  walking  at  the  rate  of  5 
miles  an  hour  found  that  he  used  3^  pints  more  of  oxygen 
each  minute  while  walking  than  when  at  rest.  Since  oxy¬ 
gen  supplies  energy  at  the  rate  of  about  5  kilogram-calories 


a  quart,  this  is  enough  to 
supply  nearly  9  kilogram- 
calories  of  heat  (3^  x  2J 
=  8|).  A  rate  of  5  miles 
in  one  hour  is  the  same  as 
1  mile  in  twelve  minutes. 
In  this  interval  he  would 
release  about  108  kilo¬ 
gram-calories  of  energy 


Fig.  332.  The  Valves  found  in  the 
Veins  of  the  Body  control  the  Direc- 
tion  of  Blood  Flow 


(9  x  12  =  108).  Suppose 
the  man  weighs  70  kilograms  (70  kilograms  =  154  pounds). 
This  amount  of  energy  converted  into  heat  would  raise 

Exercise  affects  the  the  temperature  of  his  body  about  1.5°  C. 
temperature  of  the  (108  -t-  70  =  1.5  +).  The  liberation  of  this 
amount  of  heat  in  the  body  would  raise 
the  temperature  of  the  body  and  produce  fever  if  other 
changes  did  not  occur  to  prevent  it.  You  know  that  per¬ 
spiration  flows  more  freely  during  exercise  and  that  this 
serves  as  an  aid  to  control  of  temperature. 

There  is  also  an  effect  from  exercise  on  the  process  of 
getting  rid  of  waste  products.  The  pressure  of  the  muscles 
as  they  contract  and  relax  forces  the  blood  through  the  cap¬ 
illaries  and  veins  toward  the  heart.  Valves  (Fig.  332)  con¬ 
trol  the  direction  of  flow.  More  wastes  are  produced  under 
the  conditions  of  exercise.  Therefore  the  quantity  of  waste 
removed  from  the  blood  through  the  kidneys  is  increased. 
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Acme 

Fig.  333.  There  is  Enjoyment  in  Watching  Games  of  Skill 
What  do  you  think  has  just  happened? 


Studies  which  have  been  made  seem  to  indicate  that 
every  organ  of  the  body  is  affected  directly  or  indirectly  by 
exercise.  For  the  time  being,  however,  the  facts  stated 
above  are  sufficient  to  show  that  exercise  does  affect  bodily 
functioning.  At  a  later  time  you  may  learn  more  about  this. 


E.  How  Much  Exercise  is  Necessary  for  Good  Health? 

Many  people  at  different  times  have  advanced  many 
arguments  for  the  value  of  exercise.  Yet  probably  the  most 
important  reason  for  taking  exercise  is  -  .  , 

because  we  like  it.  There  is  a  healthy  in-  valuable  mental 
terest  in  play  and  in  clean  competition  in  effect  upon  people 
athletics.  Every  person  seems  to  enjoy  doing  some  things 
well.  The  desire  to  excel  helps  to  make  a  good  player, 
whether  it  be  of  tennis,  baseball,  golf,  or  some  other  line 
of  physical  activity.  Participation  in  some  form  of  physi¬ 
cal  activity  makes  for  happiness  and  wholesomeness  in  life. 
A  major  aim  in  exercise  is  to  gain  enough  skill  to  enable 
you  to  hold  your  own  in  competition  with  your  friends. 
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Among  all  peoples  there  seems  to  be  a  keen  interest  in 
watching  games  of  competition.  Interest,  as  shown  in  Fig. 
333,  is  probably  keenest  among  those  who  have  at  some 
time  participated  in  the  sport.  Thousands  of  spectators 
view  games  and  get  satisfaction  from  watching  the  play¬ 
ers  perform  feats  which  the  observers  themselves  at  some 
time  have  done  or  tried  to  do. 

For  health  one  should  exercise  sufficiently  to  keep  him¬ 
self  fit  and  able  to  participate  directly  in  some  form  of 

outdoor  sport.  Then, 
too,  one  should  par¬ 
ticipate  sufficiently  in 
sports  to  enable  him 
to  j  appreciate  some 
of  the  fine  points  of 
popular  games.  The 
result  is  the  develop¬ 
ment  of  wholesome 
interests  which  will 
probably  be  lifelong. 

Can  you  now  de¬ 
scribe  a  healthy  hu¬ 
man  organism?  Have 
you  learned  anything 
that  would  help  you 
in  the  application  of  the  definition  given  at  the  beginning 
of  this  chapter  ?  Perhaps  all  one  can  say  is  that  it  is  difficult 
indeed  to  distinguish  by  definition  between  the  functioning 
of  a  healthy  organism  and  that  of  one  not  so  healthy.  It 
is  difficult  to  say  what  health  is,  but  we  can  usually  rec¬ 
ognize  it.  A  condition  of  health  is  illustrated  in  Fig.  334. 
We  should  recognize,  however,  that  certain  factors,  such 
as  pure  food,  sufficient  rest,  fresh  air  and  sunshine,  and 
a  moderate  amount  of  exercise,  are  very  important  in  main¬ 
taining  good  health.  The  requirements  for  good  health  are 
generally  the  things  we  like  to  have  and  to  do. 


Wide  World 


Fig.  334.  Thi9  Boy  and  this  Girl  have  just 
won  First  Prize  in  a  Health  Contest 
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The  health  of  the  human  organism  must  be  considered  in 
terms  of  three  factors,  physical,  mental,  and  social.  The  prin¬ 
cipal  structure  of  the  body  consists  of  bones  covered  by  masses 
of  muscles  which  supply  the  force  necessary  for  the  move¬ 
ment  of  the  bones.  Energy  is  released  in  the  muscles  by  the 
oxidation  of  foods  carried  in  the  blood  stream.  Under  certain 
conditions  muscles  are  fatigued  and  lose  their  power  to  sup¬ 
ply  force.  At  such  times  the  human  organism  must  rest. 


Can  You  Answer  these  Questions  ? 

1.  What  changes  take  place  in  the  bones  of  a  person  as  he  or 
she  becomes  older  ? 

2.  How  are  the  bones  of  the  body  held  together  ? 

3.  What  are  the  various  types  of  muscles?  What  part  does 
each  play  in  the  normal  functioning  of  the  body  ? 

4.  What  is  meant  by  " oxygen  debt” ?  How  is  it  acquired? 
How  is  it  repaid  ? 

5.  What  is  the  explanation  for  muscle  fatigue?  How  does 
this  account  for  the  increasing  inability  of  a  muscle  to  do  con¬ 
tinuous  work  without  rest  ?  How  does  it  help  to  point  out  the 
proper  methods  of  rest  ? 

6.  How  is  it  possible  to  measure  accurately  the  energy  used 
in  exercise?  to  measure  the  horsepower  generated  by  a  living 
organism  in  working? 

7.  Can  you  trace  the  course  of  the  blood  stream  through  the 
body  from  the  time  it  leaves  the  heart  until  the  time  it  returns  ? 

8.  What  is  meant  by  the  blood  pressure  ?  How  is  it  measured  ? 

9.  Why  does  not  the  temperature  of  the  body  increase  during 
exercise  ? 

10.  Is  it  possible  to  say  how  much  exercise  is  necessary  for  good 
health?  What  standards  for  measurement  might  be  set  ? 

11.  How  much  blood  flows  through  the  heart  in  a  day? 
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Questions  for  Discussion 

1.  How  would  you  define  a  really  healthy  human  organism? 

2.  How  many  examples  of  the  various  types  of  levers  can  you 
find  in  the  human  body  ? 

3.  Have  you  ever  heard  anyone  referred  to  as  muscle-bound  ? 
What  do  you  think  is  meant  ? 

4.  Have  you  ever  heard  a  runner  in  a  long  race  say  he  was  per¬ 
fectly  all  right  as  soon  as  he  got  his  second  wind  ?  What  do  you 
think  this  means  ? 

5.  Why  do  you  think  a  quarter-mile  race  is  considered  the  most 
trying  on  a  runner  ?  Answer  if  you  can  in  terms  of  oxygen  debt. 

6.  Does  blood  pressure  increase  or  decrease  as  a  person  becomes 
older  ?  Why  do  you  think  this  happens  ? 

7.  Which  do  you  think  the  most  interesting  form  of  athletics 
from  the  standpoint  of  a  player?  of  a  spectator? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  You  can  check  on  some  of  the  effects  of  exercise  upon 
your  own  body  if  you  will  record  your  own  pulse  and  respiration 
directly  before  and  directly  after  taking  part  in  some  athletic 
event.  Wliat  changes  took  place  ?  Can  you  explain  them  ?  What 
effect  did  they  have  upon  other  bodily  processes  ? 

2.  Make  a  wall-chart  or  diagram  of  the  heart  and  lungs,  show¬ 
ing  how  blood  circulates  through  them. 

3.  Look  up  records  for  some  athletic  event  such  as  the  quarter- 
mile  or  mile  run  and  see  how  man  has  gradually  run  these  races 
in  faster  and  faster  time.  What  has  made  this  possible  ?  Is  man 
developing  physically,  or  is  he  using  his  physical  ability  to  better 
advantage  ? 

4.  Prepare  a  set  of  standards  which  might  be  considered  in 
determining  whether  or  not  a  human  organism  is  a  healthy  one. 


Chapter  XXV  •  What  is  the  Work  of  the 
Nervous  System  in  the  Human  Organism? 

Have  you  ever  held  your  finger  near  a  hot  object  and 
pulled  it  away  quickly  as  you  felt  the  heat  ?  Have  you  ever 
stopped  suddenly  in  the  middle  of  the  street  as  you  heard 
the  sharp  sound  of  an  automobile  horn?  Have  you  ever 
been  walking  along  with  a  group  of  other  boys  or  girls, 
seen  a  glittering  object  on  the  path  ahead  of  you,  and 
dashed  quickly  to  pick  it  up  before  any  other  person  in  the 
group  could  reach  it?  All  these  are  simple  experiences.  In 
all  of  them  your  bones  functioned  as  they  were  moved  by 
your  muscles.  But  why  did  your  muscles  move?  What 
power  or  force  caused  the  muscles  of  your  hand,  for  ex¬ 
ample,  so  to  move  the  bones  of  your  hand  as  to  pull  the 
hand  away  from  the  hot  object  ?  The  answer  to  these  ques¬ 
tions  may  be  found  in  a  study  of  the  nervous  system. 

What  is  the  nervous  system,  and  how  does  it  function  ? 
It  is  commonly  thought  of  as  having  two  main  divisions, 
called  the  autonomic  (auto  comes  from  a  ^ 

v  #  The  nervous  sys- 

Greek  word  meaning  "  action  upon  or  tem  consists  of  two 

within  self”)  and  the  cerebrospinal  {cere-  main  dlvlslons 
bro  refers  to  the  brain,  and  spinal  to  the  spinal  cord).  The 
meanings  of  these  two  words  may  become  clearer  through 
a  consideration  of  these  two  divisions  of  the  nervous  system 
and  the  part  each  plays  in  the  functioning  of  the  human 
organism. 


A.  What  is  the  Cerebrospinal  System? 

This  system  is  shown  in  rather  simple  form  in  Fig.  335. 
Notice  three  things :  first,  the  brain ;  second,  the  spinal 
cord ;  and  third,  the  many  nerves  which  run  to  all  parts  of 
the  body.  From  this  you  may  think  of  the  cerebrospinal 
system  as  one  made  up  of  nerves,  in  all  parts  of  the  body, 
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which  run  into  the  spinal  cord  and  finally  into  the  brain. 
Put  very  simply,  this  is  true.  But  the  whole  story  is  far  more 
The  cerebrospinal  complex  than  this.  If  you  could  look 
system  consists  of  closely  at  the  spinal  cord  (Fig.  336),  you 

the  brain,  the  ,  ,  ,  J  .  .  e  . 

spinal  cord,  and  would  see  that  it  consists  of  a  mass  of 
many  nerves  gra y  and  white  matter.  Close  examination 

would  show  that  the  gray  matter  is  composed  of  countless 
nerve  cells,  while  the  white  matter  consists  of  nerve  fibers. 

You  will  learn  more  about 
their  function  later.  You 
should  know  that  these  fibers 
branch  off  all  along  the  spine 
to  form  the  nerve  connections 
to  all  parts  of  the  body.  Per¬ 
haps  you  can  imagine  the  com¬ 
plex  nature  of  this  system  if 
you  will  see  it  as  a  vast  tele¬ 
phone  system  with  means  for 
receiving  and  sending  mes¬ 
sages  at  almost  every  point 
on  and  in  the  body. 

While  we  shall  have  more 
to  say  about  this  system  later, 
the  main  point  to  remember 
here  is  that  the  nerves  which 
compose  the  cerebrospinal 
system  are  those  which  direct 
voluntary  action,  or,  in  other 
words,  action  by  the  will  of 
the  individual.  Stated  in  an¬ 
other  way,  the  nerves  of  the 
cerebrospinal  system  are  the 
nerves  that  control  conscious 
action. 

But  how  is  this  accomplished  ?  Consider  the  system  as 
consisting  of  three  main  parts.  First,  there  are  the  receiving 


Fig.  335.  The  Cerebrospinal  Nerv¬ 
ous  System  is  made  up  of  the 
Brain,  the  Spinal  Cord,  and  a  Net¬ 
work  of  Nerves 

This  system  directs  voluntary 
action 
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organs.  They  are  sensitive  to  stimuli ;  that  is,  they  respond 
to  effects  which  produce  sensations.  Second,  there  are  the 
connecting  organs.  As  the  name  suggests,  they  form  a 
connecting  link  between  the  receiving  organs  and  the  or¬ 
gans  which  finally  react,  or  respond,  to  the  original  stimuli. 
Third,  there  are  the  reacting  organs.  They  carry  on  activ¬ 
ity  as  the  result  of  stimuli.  A  common  example,  of  course, 
is  a  muscle.  Let  us  now 
consider  the  relationships 
of  these  various  parts  to 
each  other. 

The  receiving  organs 
consist  primarily  of  mil¬ 
lions  upon  millions  of  so- 
called  receptors,  or  small 
sense  organs,  which  are 
located  in  all  parts  of  the 
body.  These  receptors  are 
alike  in  that  each  of  them 
is  connected  to  a  nerve  which  carries  to  the  connecting 
organs  the  impulse  received  from  the  stimulus.  They  are 
unlike  in  that  groups  of  them  react  to  various  sense 
different  stimuli.  What  does  this  mean?  organs  receive  ^ 
Simply  that  some  of  these  receptors  react  0us  parts  of  the 
to  touch,  others  to  sound,  others  to  sight,  body 
and  still  others  to  other  stimuli.  Each  group  is  specialized 
for  its  particular  function.  Let  us  describe  these  groups. 

1.  The  tactile  receptors  found  in  the  skin ,  the  muscles ,  and 
certain  other  organs.  Some  different  types  are  shown  in 
Fig.  337.  They  are  sensitive  to  many 

.  i  •  ~  .  .  .  The  tactile  recep- 

thmgs.  Some  react  to  pam,  some  to  pres-  tors  are  sensitive 
sure,  and  still  others  are  sensitive  to  f°  touch’  Pai^ 
muscular  motion.  Two  other  groups  react 
to  heat  and  cold.  These  are  distributed  all  over  the  body, 
directly  under  the  skin,  forming  areas  called  hot  and  cold 
spots,  which  are  especially  sensitive  to  the  sensations  caused 


Fig.  336.  The  Spinal  Cord  consists  of  a 
Mass  of  Nerve  Cells  and  Nerve  Fibers 
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by  heat  and  cold.  Fig.  337  shows  the  hot  spots  and  the 
cold  spots  in  one  very  small  area  of  the  skin.  These  sense 
organs  differ  in  the  extent  to  which  they  are  sensitive. 
Some  of  them  are  so  sensitive  that  they  react  when  you 
merely  touch  a  hair  on  your  arm ;  others  do  not  react  until 

actual  painful  treatment  is  ac¬ 
corded  them. 

2.  The  receptors  for  vision . 
These,  of  course,  are  located  in 
the  eye  and  are  sensitive  to 
light.  Let  us  look  more  closely 
at  the  eye  and  consider  how 
it  functions.  Study  Fig.  338. 
Notice  the  cornea,  a  layer  of 
clear  tissue  through  which  the 
light  waves  first  pass.  They 
reach  the  lens  of  the  eye,  which 
acts  very  much  like  the  lens 
of  a  camera,  focusing  the  light 
rays  as  they  pass.  Notice,  too, 
the  iris,  which  functions  like 
the  shutter  of  a  camera,  react¬ 
ing  to  the  quantity  of  light. 
Thus  if  a  very  bright  light 
strikes  the  eyes,  the  iris  covers 
more  of  the  lens,  making  a 
smaller  opening.  If  the  light  is 
dull,  the  iris  spreads  apart,  ex¬ 
posing  a  larger  area  of  the  lens 
upon  which  the  light  can  fall.  The  light  rays  pass  through 
the  lens  and  focus  upon  the  retina.  Here  are  the  receptors 
The  receptors  for  sensitive  to  light,  a  mass  of  rods  and  cones, 
"as  shown  in  Fig.  338,  C,  and  more  clearly 
in  Fig.  338,  D.  The  image  is  formed  on 
these  rods  and  cones.  These  are  nerve  endings  of  the  optic 
nerve.  We  often  say  that  the  eye  is  the  organ  of  sight. 


Fig.  337.  The  Tactile  Receptors 
are  Sensitive  to  Touch,  Pain, 
Heat,  and  Cold 

Countless  numbers  of  these  are 
distributed  over  the  surface  of 
the  body 


vision  are  located 
in  the  eye 
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Fig.  338.  The  Receptors  for  Vision  are  located  in  the  Eye 

A ,  a  diagram  of  the  human  eye ;  B,  the  image  of  an  object  is  formed  on  the 
retina ;  C,  a  diagram  of  the  retina  (notice  the  rods  and  cones) ;  D,  a  microphoto¬ 
graph  of  a  section  through  the  retina,  showing  the  rods  and  cones 


While  this  is  true,  strictly  speaking  the  eye  is  only  the 
organ  which  receives  the  stimulus  of  light.  Sight  as  such  is 
an  interpretation  of  these  stimuli,  that  is,  The  eye  is  so  con- 
the  meaning  given  them  by  the  individual,  structed 
This  interpretation  is  made  in  the  brain  nght  which  may 
and  not  in  the  eye.  Any  stimulation  of  the  reach  11 
optic  nerve  is  interpreted  as  sight.  A  severe  bump  on  the  head 
may  stimulate  the  optic  nerve  and  cause  you  to  "see  stars." 

The  eye  is  a  very  sensitive  organ,  and  eye  defects  are  not 
uncommon.  Some  of  the  most  common  ones  may  be  ex¬ 
plained  through  a  simple  experiment.  Take  a  small  hand  lens 
such  as  a  reading  glass.  Hold  it  before  a  piece  of  paper  in 
such  a  way  that  rays  of  light  fall  upon  the  paper,  forming  the 
image  of  a  near-by  window.  Now  move  the  lens  away  from 
the  paper.  What  happens?  The  image  becomes  blurred. 


564  Controlling  Conditions  for  Healthful  Living 

The  lens  of  the  eye  acts  in  a  manner  similar  to  the  lens 
of  the  reading  glass  in  that  it  focuses  the  rays  of  light  in 

such  a  way  that  they 
form  an  image  upon 
the  retina.  Just  how 
this  happens  you  will 
learn  later.  The  point 
to  be  understood  now 
is  that  when  the  eye 
is  structurally  perfect, 
the  lens  of  the  eye 
focuses  the  rays  of 
light  in  such  a  way 
that  a  perfect  image 
is  formed,  as  in  Fig. 
338,  B.  But  the  eye  is 
not  always  structur¬ 
ally  perfect,  and  so  a 
perfect  image  may  not 
be  transmitted. 

Sometimes  the  lens 
is  curved  a  little  too 
much.  The  image  then 
falls  a  little  in  front 
of  the  retina,  as  shown 
in  Fig.  339,  a.  Such 
a  condition  is  called 
nearsightedness.  In 
other  cases  the  lens 
may  not  be  sufficiently 
curved,  in  which  case 
the  image  will  fall  in 
back  of  the  retina,  as 
shown  in  Fig.  339,  b.  Then  you  have  a  condition  called 
farsightedness.  Still  a  third  common  defect  is  called 
astigmatism.  The  cause  of  this  defect  is  a  little  more 


Farsightedness 


Farsightedness  corrected 


Convex  lens 


Fig.  339.  Certain  Structural  Defects  in  the 
Eye  may  be  corrected  by  Mechanical  Means 

In  a  you  see  the  conditions  existing  in  near¬ 
sightedness,  and  in  b  those  in  farsightedness. 
Notice  how  the  lens  of  the  eyeglass  corrects  the 
difficulty 
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complicated.  The  cornea,  as  well  as  the  lens,  serves  as  a 
focusing  medium.  An  irregularity  in  the  cornea  may  cause 
an  image  to  form  a  little  in  front  of  the  image  formed  by 
the  lens.  In  other  words, 
two  images  are  formed, 
and  this  makes  a  blur. 

Astigmatism  is  a  very 
common  defect. 

All  these  defects,  how¬ 
ever,  may  be  remedied  by 
carefully  fitted  eyeglasses, 
which,  as  you  know,  are 
really  lenses  so  ground 
and  curved  that  they  off¬ 
set,  or  balance,  the  irregu¬ 
larities  of  the  eye  and 
properly  focus  the  rays 
of  light  on  the  retina. 

There  are  of  course  other 
defects.  Some  people,  for 
example,  are  color-blind. 

One  form  of  this  defect 
is  inability  to  distinguish 
red  from  green.  The  cause 
of  this  difficulty,  however, 
is  a  very  complex  story. 

3.  The  receptors  for  hear¬ 
ing.  These,  of  course,  are 
found  in  the  ear.  You 
have  already  studied  this 
organ  and  have  seen  how 
sound  waves,  entering  the  ear,  pass  through  a  canal  and 
strike  the  eardrum.  If  you  could  look  more  closely  at  the 
inner  ear,  however,  you  would  find  a  cavity  containing 
liquid,  as  shown  in  Fig.  340,  B.  In  this  cavity,  as  shown,  are 
certain  cells  sensitive  to  the  stimuli  produced  by  the  sound 


Fig.  340.  The  Receptors  for  Hearing 
are  located  in  the  Inner  Ear 

A,  a  cross  section  through  the  ear ;  B,  the 
inner  ear  ;  C,  the  receptors  for  hearing 
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waves.  If  you  could  trace  the  nerves  running  from  these 
sense  organs,  you  would  see  them  combine  to  form  the 
large  nerve  called  the  auditory  nerve.  Like  the  optic  nerve, 
it  runs  to  the  brain,  and  there  the  stimuli  from  the  sound 
waves  are  interpreted  as  sound. 

As  with  the  eye,  there  are  various  defects  which  make  it 
difficult  for  this  organ  properly  to  receive  and  interpret 
Some  defects  of  the  sound  waves.  Some  of  these  defects 
hearing  are  fairly  are  comparatively  simple  and  yield  to 
others°  a^ex-7’  local  treatment.  Young  children  some- 
tremely  difficult  times  have  an  irritated  condition  due  to 
colds,  which  develops  into  a  diseased  condition  of  the  mas¬ 
toid  process.  This  is  a  spongy  bone  which  forms  part  of 
the  middle  ear.  The  Eustachian  tube,  which  forms  a  con¬ 
nection  between  the  middle  ear  and  the  back  of  the  mouth, 
may  also  become  inflamed  as  a  result  of  colds.  All  these 
conditions  may  be  remedied  by  expert  medical  attention. 

A  far  more  serious  condition  exists,  however,  when  struc¬ 
tural  defects  affect  hearing.  Sometimes  the  eardrum  or  the 
inner  bones  of  the  ear  may  be  incompletely  developed,  or 
by  accident  they  may  be  injured  in  such  a  manner  as  to 
affect  the  hearing.  Such  conditions  require  the  most  care¬ 
ful  and  scientific  attention.  Certain  electrical  instruments, 
which  make  the  sound  waves  more  intense  and  carry  them 
to  the  ear  with  greater  volume,  may  be  helpful.  Even  such 
aids,  however,  should  not  be  used  without  expert  advice. 

4.  The  receptors  for  smell.  These,  as  shown  in  Fig.  341, 
are  located  in  the  nasal  passages.  Molecules  of  matter  pass 

Molecules  of  a  gas  throuSh  the  air  into  the  nose.  Here  they 
stimulate  recep-  dissolve,  and  stimulate  the  sense  organs, 
tors  for  smell  These  convey  stimuli  through  a  main 

nerve,  called  the  olfactory  (smelling)  nerve,  to  the  brain, 
where  they  are  interpreted  as  odors  of  various  kinds.  This 
receptor  is  extremely  sensitive,  as  is  demonstrated  by  the 
fact  that  only  a  few  drops  of  ammonia  are  sufficient  to  pro¬ 
duce  an  odor  throughout  a  schoolroom. 
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5.  The  receptors  for  taste.  Explore  the  surface  of  the 
tongue  by  using  a  drop  of  weak  vinegar  on  the  end  of  a 
clean  glass  rod  or  a  toothpick.  First  touch  the  top  of  the 
tongue  well  toward  the 
back  of  your  mouth.  Do 
you  immediately  taste  the 
vinegar?  Now  wash  out 
your  mouth  with  water 
and  try  again.  This  time 
touch  one  side  of  the 
tongue.  Does  this  experi¬ 
ence  tell  you  where  the 
taste  buds  are  located? 

If  you  could  examine  the 
surface  of  the  tongue,  you 
would  find  a  great  number 
of  crevices  containing  the 
sense  organs  for  taste, 
called  taste  buds.  They 
are  shown  in  Fig.  342. 

These  organs  are  sensi¬ 
tive  to  four  kinds  of  taste : 
bitter,  salt,  sweet,  and 
sour.  As  substances  reach 
the  tongue,  they  pass 
around  these  taste  buds. 

The  buds  react  to  the  sub¬ 
stance  and  convey  the 
stimulus  to  the  brain,  to 
be  interpreted  as  taste. 

Sometimes  we  say  that 
a  substance  is  tasteless. 

What  we  mean  is  that  it 
does  not  possess  any  of  the  four  qualities  mentioned  and 
therefore  cannot  be  recognized  by  the  taste  buds  on  the 
tongue.  Ordinarily  we  don’t  like  a  tasteless  substance. 


X 


Fig.  341.  The  Receptors  for  Smell  are 
located  in  the  Nose 

A,  a  cross  section  through  the  nose,  show¬ 
ing  the  olfactory  area ;  B,  a  small  section 
of  the  area  greatly  magnified  to  show  re¬ 
ceptors  for  smell 
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Sulfur,  for  example,  is  tasteless;  but  if  you  have  ever 
taken  it  for  medicine,  you  probably  thought  it  very  bad. 
(Sulfur  is  really  useless  as  a  medicine.) 

All  these  receptors  are  adapted  to  their  special  func¬ 
tions.  Thus  the  receptors  for  smell  are  not  sensitive  to 
pain,  although  scattered  among  the  special  sense  organs, 
such  as  those  for  smell,  are  also  receptors  sensitive  to  pain. 
You  know,  for  example,  that  a  sip  of  cocoa  may  taste  sweet, 

but  it  may  also  be  too 
hot.  In  such  an  instance 
two  types  of  receptors 
are  functioning.  Per¬ 
haps  you  can  think  of 
similar  instances,  or 
even  of  situations  in 
which  several  types 
function. 

Now  let  us  look  at 
the  connecting  organs. 
We  have  already  said 
that  each  receptor,  or 
sense  organ,  is  attached 
to  a  nerve  which  carries 
the  stimuli  to  a  con¬ 
necting  organ.  Fig.  343  shows  such  a  nerve.  Study  it 
closely.  Notice  that  the  nerve  includes  a  cell  body  which 
has  branching  out  from  it  certain  fibers, 
somewhat  like  the  branches  of  a  tree. 
This  complete  connecting  mechanism  is 
called  a  neuron;  and  since  in  this  case 
it  conveys  an  impulse  from  a  sense  organ, 
it  is  called  a  sensory  neuron.  Imagine  now  that  the  sense 
organ  has  been  stimulated  in  some  manner.  An  impulse 
travels  along  the  neuron,  coming  to  the  cell  body.  It  excites 
other  fibers  which  may  be  near  and  which  are  a  part  of 
another  nerve  cell.  What  happens  now? 


Nerves 


Fig.  342.  The  Receptors  for  Taste  are 
located  on  the  Tongue 

A  diagram  of  a  part  of  the  tongue,  greatly 
enlarged.  A  crevice  shows  clearly  the  taste 
buds 


Nerve  fibers,  called 
sensory  neurons, 
carry  stimuli  from 
the  sense  organs 
to  the  central 
nervous  system 
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Before  we  answer  this  question,  we  must  look  at  another 
part  of  the  connecting  organs,  the  central  nervous  system. 
It  is  divided  into  three  sections.  One  part  ^ 

consists  of  the  brain  itself;  another  of  the  oussyst^mreceiVes 

mid-brain,  located  at  the  base  of  the  skull ;  impulses  from  the 

_  .  .  .  .  p  .  .  .  .  .  .  .  .  sense  organs 

and  the  third  of  the  spinal  cord,  which  is 
inclosed  in  the  backbone.  Consider  this  central  nervous 
system  as  a  mass  of  neurons  which  may  receive  impulses  from 
the  sensory  neurons  and  send 
impulses  to  the  reacting  organs. 

Let  us  now  go  back  to  the  im¬ 
pulse  which  had  reached  the  cell 
body  of  the  sensory  neuron.  Re¬ 
member  that  in  the  central  nerv¬ 
ous  system  are  other  neurons, 
called  central  neurons,  whose  par¬ 
ticular  function  it  is  to  receive  im¬ 
pulses  from  the  sensory  neurons. 

These  too  have  a  cell  body  and  a 
surrounding  group  of  fibers.  The 
impulse  carried  in  the  sensory 
neuron  is  transferred  to  the  cen¬ 
tral  neuron  across  the  gap  (called 
the  synapse),  where  the  fibers  of 
the  sensory  neuron  are  very  close 
to  the  fibers  of  the  central  neuron. 

The  fibers  of  the  two  may  really 
touch,  or  they  may  not.  No  one  is 
certain  as  to  just  how  the  trans¬ 
fer  is  made.  In  some  cases  the  im¬ 
pulses  cannot  be  transferred,  and 
nothing  happens.  Let  us  imagine 
that  the  impulse  has  been  trans¬ 
ferred  and  has  reached  the  cen¬ 
tral  neuron  in  the  central  nervous  system.  What  happens 
now?  This  depends  upon  many  factors.  We  must  consider 


Fig.  343.  Nerve  Fibers,  called 
Sensory  Neurons,  carry  Stim¬ 
uli  from  the  Sense  Organs  to 
the  Central  Nervous  System 

This  diagram  shows  one  of  the 
millions  of  neurons,  greatly  en¬ 
larged,  which  form  a  part  of  the 
human  nervous  system 
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among  other  things  the  source  of  the  impulse  and  the 
conditions  which  gave  rise  to  it. 

Imagine  a  rainy  afternoon.  You  are  sitting  in  your  bed¬ 
room  reading  a  really  exciting  story.  Suddenly  you  hear 
your  mother  call  from  the  next  room,  asking  you  to  go  into 
the  kitchen  and  take  the  teapot  off  the  stove.  You  get  up 
and  start  for  the  kitchen,  wondering  what  is  going  to  hap¬ 
pen  to  the  hero  in  the  story,  who  has  just  been  attacked 
by  a  band  of  wild  Indians.  Your  thought  only  partly  on 
the  job  you  are  to  do,  you  walk  into  the  kitchen  and  absent- 
mindedly  reach  for  the  earthen  teapot.  You  have  not  even 
thought  of  the  possibility  that  the  teapot  may  be  hot,  but 
you  soon  discover  that  it  is.  You  pick  it  up,  but  suddenly 
let  it  drop  to  the  stove,  where  it  is  broken.  You  did  not 
mean  to  drop  the  pot,  but  the  action  was  instinctive,  or 
automatic.  You  did  not  even  think  about  it.  How  ma3/ 
the  action  be  explained  ?  In  this  particular  instance  a  sense 
organ  in  your  hand  received  the  stimulus  from  the  hot  tea¬ 
pot.  The  impulse  was  immediately  transferred  by  a  sen¬ 
sory  neuron  to  the  central  nervous  system,  and  here  the 
connecting  organs  automatically  transferred  it  to  the  proper 
reacting  organs,  in  this  case  certain  muscles,  which  caused 
you  to  open  your  hand  and  pull  it  away.  Here  was  a  very 
simple  connection  from  a  sense  organ  to  a 

The  stimuli  re-  ,  ,  , 

ceived  by  the  sense  sensory  neuron,  to  the  central  nervous  sys- 

organs  may  result  tern,  to  a  motor  neuron,  to  your  muscles. 
ingrfrom°yeryang  The  connections  are  shown  in  Fig.  344,  a. 
compfex°  VCry  Notice  that  in  describing  this  type  of  re¬ 
sponse  we  use  the  word  instinctive.  Such 
an  action  is  known  as  a  reflex  action  and  is  called  a  reaction 
on  the  first  level.  It  is  very  common.  You  pull  your  hand 
away  from  a  sharp  object,  you  stop  at  the  sound  of  an  auto¬ 
mobile  horn,  or  you  turn  your  eyes  away  from  a  bright 
light.  Notice  from  Fig.  344,  a,  that  the  action  here  takes 
place  between  the  receptor  and  the  spinal  cord  and  that  it 
does  not  make  use  of  the  brain  as  we  commonly  refer  to  it. 
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Fig.  344.  The  Stimuli  received  by  Sense  Organs  may  result  in  Reactions 
ranging  from  Very  Simple  to  Very  Complex 

As  you  read  the  story  of  the  broken  teapot,  study  these  pictures 


In  addition  to  opening  your  hand  and  dropping  the  tea¬ 
pot,  however,  you  probably  wrinkled  your  face  in  pain  or 
shook  your  hand.  Was  the  action  in  directing  these  other 
motions  as  simple  as  those  that  caused  you  to  jerk  away 
your  hand?  Look  at  Fig.  344,  6.  Notice  the  same  reflex 
action  as  before,  but  notice  that  another  path  is  shown 
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leading  up  to  the  mid-brain  and  from  there  out  into  other 
muscles.  The  action  here  is  slightly  more  complex.  Such 
reactions  are  said  to  be  on  the  second,  or  mid-brain,  level. 

Now  let  us  go  still  farther.  As  the  teapot  crashes,  you 
forget  all  about  the  hero  of  your  story.  You  consider  the 
Responses  are  on  broken  teapot  and  decide  that  you  had 
different  levels  better  get  rid  of  the  pieces.  Remembering 
your  burn,  however,  you  find  an  asbestos  pot-holder  and 
pick  up  the  pieces  of  the  teapot  carefully,  placing  them  in 

the  trash  barrel.  Now 
another  step  has  been 
added  to  the  nervous 
reaction,  as  you  can 
see  from  Fig.  344,  c. 
Several  areas  are  at 
work,  including  the 
highly  specialized  area 
of  the  brain. 

We  said  at  the  be¬ 
ginning  of  this  chap¬ 
ter  that  the  cerebro¬ 
spinal  system  controls 
voluntary  action.  Do 
you  see  this  from  the 
illustrations  we  have 
given  above? 

Should  you  say  that 
any  one  part  of  the 
cerebrospinal  nervous 
system  is  more  important  than  any  other  ?  While  this  is  a 
difficult  question  to  answer,  one  thing  is  obvious :  in  man 
the  high  development  of  the  brain  is  a  distinguishing  fea¬ 
ture.  If  you  will  refer  again  to  Fig.  344,  you  will  find  that 
all  the  reactions  which  demand  what  we  usually  consider 
"thought”  seem  to  have  their  origin  in  the  brain.  What  is 
this  organ? 


Fig.  345.  The  Brain  is  made  up  of  Several 
Parts,  all  containing  a  Large  Number  of 
Nerve  Cells 

The  cerebrum  of  other  animals  is  not  so  highly 
developed  as  is  that  of  man 
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While  we  usually  think  of  the  brain  as  one  organ,  you 
will  see  from  Fig.  345  that  there  are  really  several  parts. 
Not  all  of  them  need  be  considered.  The  one  with  which 
we  are  directly  concerned  now  is  called  the  cerebrum  (the 
Latin  word  for  "brain”).  This  in  man  is  far  more  highly  de¬ 
veloped  than  in  other  animals,  and  in  this  respect  indicates 
the  growth  of  man  toward  intelligence.  The  outer  part  of 
the  cerebrum  is  called  the  cortex.  The  cortex,  a  mass  of 
gray  matter,  is  folded,  giving  the  familiar  appearance  shown 
in  pictures  of  the  brain. 

As  you  will  recall,  the  different  nerves  run  from  the 
organs  to  the  brain.  Scientists  believe  that  nerves  leading 
from  one  receptor  end  in  a  certain  area  of  the  cortex.  For 
example,  one  area  forms  the  center  of  sight,  another  the 
center  of  hearing.  There  are  certain  observations  which 
support  this  belief.  As  a  result  of  accidents  to  certain  areas 
of  the  cortex,  individuals  have  been  made  blind  or  deaf 
while  the  external  organ  of  sight  or  of  hearing  remained 
perfectly  normal.  Experiments  have  shown  that  animals 
may  be  deprived  of  certain  senses  by  destroying  certain 
sections  of  the  cortex. 


B.  What  is  the  Autonomic  Nervous  System? 

You  have  already  seen  how  certain  organs  within  the 
body  perform  their  work  without  any  conscious  action  on 
the  part  of  the  individual.  Among  these  organs  are  the  intes¬ 
tines,  the  spleen,  the  liver,  the  heart,  and  the  kidneys.  All 
these  are  under  the  control  of  the  autonomic  nervous  system. 

Study  Fig.  346  carefully.  Notice  that  the  centers  of  the 
autonomic  nervous  system  are  not  located  in  the  spinal  cord 
but  seem  to  gather  in  centers  paralleling  the  spinal  cord. 
These  centers  are  called  ganglia.  From  these  ganglia,  as 
you  can  see,  nerves  run  to  various  organs  of  the  body.  The 
arrangement  and  working  of  these  nerves  are  similar  to 
those  of  the  cerebrospinal  system. 
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The  importance  of  the  auto¬ 
nomic  nervous  system  lies  in 
several  factors.  First,  study  the 
organs  which  it  serves.  Second, 
consider  the  fact  that  the  action 
of  this  system  is  automatic  to  a 
great  extent.  In  other  words,  it 
controls  automatically  many  of 
the  important  life  processes.  As 
one  scientist  has  stated  it,  the 
autonomic  system  "by  taking 
over  most  of  the  routine  drudg¬ 
ery  of  living  .  .  .  releases  the 
central  nervous  system  for  higher 
evolutionary  adventures." 

The  autonomic  nervous  system 
must  not  be  thought  of  as  one 
separate  from  the  cerebrospinal 
system.  Rather  it  is  a  part  of 
the  whole  system  which  controls 
the  body.  There  are  connections 
from  the  autonomic  ganglia  to 
the  spinal  column  and  thus  to  the 
brain.  Therefore  it  is  possible  for 
the  brain  under  certain  condi¬ 
tions  to  maintain  control  over 
these  bodily  organs.  The  inter¬ 
esting  point,  however,  is  that 
these  two  systems  are  opposed 
to  each  other  in  the  effect  they 
have  upon  certain  organs.  Thus 
if  a  stimulus  acts  on  the  spinal 
nerve  controlling  the  salivary 
gland,  saliva  flows.  If  a  stimulus 
acts  on  the  autonomic  nerve  controlling  this  same  gland, 
the  flow  of  saliva  is  stopped.  The  relationship  between 


Fig.  346.  The  Centers  of  the 
Autonomic  Nervous  System 
are  in  a  Chain  of  Ganglia 
lying  just  in  front  of  the 
Spinal  Cord 

This  system,  which  is  responsi¬ 
ble  for  most  of  our  involuntary 
action,  is  a  part  of  the  complete 
nervous  system  since,  as  you 
can  see  from  this  diagram,  it 
is  connected  to  the  spinal  cord 
and  the  brain 
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these  two  systems  might  be  stated  by  saying  that  they 
balance  each  other.  Do  you  see  why?  You  have  seen  how 
the  body  is  controlled  during  violent  exercise.  Breathing 
increases  as  the  cells  demand  oxygen.  At  the  same  time 
the  heartbeat  increases  also,  and  so  on.  All  this  is  con¬ 
trolled  by  the  autonomic  system. 

Emotional  responses,  such  as  those  associated  with  pain, 
fear,  and  anger,  seem  to  be  related  to  the  autonomic  sys¬ 
tem.  There  is  a  connection  between  the  The  autonomic 
cerebrospinal  and  autonomic  systems.  It  nervous  system  is 

,  ,.  ,  ,.  «  responsible  for 

seems  as  if  strong  stimulation  of  the  most  involuntary 

cerebrospinal  system  runs  over  into  the  action 

autonomic.  Severe  pain  affects  the  flow  of  saliva  and  of 

gastric  juice.  Fear  makes  the  heart  beat  faster.  There 

are  many  other  illustrations  which  show  that  stimulation 

of  the  cerebrospinal  system  affects  processes  governed  by 

the  autonomic  system. 


C.  How  is  Man  Unlike  Other  Animals? 

What  is  thought  ?  What  happens  as  you  think  your  way 
out  of  difficulty?  No  one  really  knows,  although  many 
theories  have  been  advanced.  All  that  we  can  be  certain 
of  is  that  thought  comes  as  the  result  of  certain  connec¬ 
tions  through  the  nervous  system.  Many  factors,  such  as 
habit  and  memory,  play  a  part  in  it. 

It  is  believed,  for  example,  that  when  a  certain  stimulus 
with  its  natural  response  is  practiced  many  times  the  nerv¬ 
ous  mechanism  becomes  trained  to  it  and  responds  more 
quickly  when  the  same  stimulus  is  applied.  Perhaps  you 
hated  to  drill  on  arithmetic  combinations.  Yet  you  know 
that  this  drill  helped  you  to  give  more  and  more  rapidly 
the  correct  answers  to  your  problems.  Why  was  this  ?  Ac¬ 
cording  to  one  theory  the  stimulus-response  connection  to 
a  certain  combination  had,  through  long  practice  and  drill, 
become  automatic.  Perhaps  you  know  how  difficult  it  is  for 
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people  to  change  certain  habits  which  they  have  acquired. 
Why  should  this  be  so?  One  theory  holds  that  constant 
repetition  of  certain  reactions  has  set  up  many  automatic 
habits,  channels  or  grooves,  so  to  speak,  and  that  the  in¬ 
dividual's  responses  seem  to  follow  these  grooves. 

Here  you  have  the  chief  difference  between  man  and 
other  animals.  Man  possesses  a  conscious  power  which 
enables  him  to  make  adjustments  for  himself,  to  reason 
about  his  environment,  and  to  use  his  experiences  —  in 
short,  to  think!  It  is  this  ability  that  enables  him  to  control 
living  things  and  use  them  to  suit  his  purposes.  It  is  the 
same  ability  that  enables  him  to  control  the  forces  and  use 
the  materials  of  the  physical  environment  to  meet  his 
demands  for  physical  comforts. 


The  nervous  system  controls  man’s  reactions  to  stimuli  in 
his  environment.  One  main  division  of  this  system,  the  cere¬ 
brospinal,  controls  voluntary  and  reflex  action,  while  the 
other,  the  autonomic,  directs  most  of  involuntary  action.  The 
more  complex  reactions,  requiring  thought  processes,  distin¬ 
guish  man  from  other  animals. 


Can  You  Answer  these  Questions  ? 

1.  What  part  does  the  cerebrospinal  nervous  system  play  in  the 
functioning  of  the  body  ? 

2.  What  are  the  sensory  organs,  where  are  they  located,  and 
what  are  the  characteristics  of  each  ? 

3.  What  are  the  steps  by  which  light  is  interpreted  as  sight  ? 

4.  What  are  the  causes  of  nearsightedness,  farsightedness,  and 
astigmatism  ?  How  may  these  conditions  be  corrected  ? 

5.  How  are  the  stimuli  received  by  the  sensory  organs  trans¬ 
ferred  to  the  central  nervous  system  ? 
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6.  What  is  meant  by  nervous  reactions  on  the  first,  second,  and 
third  levels  ? 

7.  What  is  the  function  of  the  autonomic  nervous  system? 
Why  is  it  important  in  the  functioning  of  the  body  ? 

8.  In  terms  of  the  nervous  system  what  is  one  explanation  of 
the  statement  "Practice  makes  perfect"? 

Questions  for  Discussion 

1.  How  would  you  explain  the  thinking  process? 

2.  Do  you  believe  that  a  dog  or  a  horse  can  think  ?  How  might 
you  explain  some  of  the  clever  things  they  do  ? 

3.  We  often  speak  of  doing  something  by  instinct.  What  do 
you  think  this  really  means  ? 

4.  Consider  some  common,  everyday  incidents.  You  see  a 
fancy  pencil  in  a  store  window  and  buy  it.  Can  you  trace  some  of 
the  nervous  reactions  which  take  place  during  this  process  ? 

5.  What  evidence  would  you  present  in  support  of  the  state¬ 
ment  that  man  is  more  intelligent  than  other  animals  ?  Can  you 
think  of  any  instances  that  would  support  an  opposite  point  of  view  ? 

6.  Some  scientists  advance  the  theory  that  nervous  reactions 
are  really  electrical  in  nature.  Does  this  seem  reasonable  to  you  ? 

7.  What  advantages  can  you  see  in  the  fact  that  the  autonomic 
and  cerebrospinal  nervous  systems  are  opposed  to  each  other  in 
the  effect  they  have  upon  certain  organs  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  See  if  you  can  find  some  simple  mechanical  puzzles  entirely 
new  to  you,  such  as  a  pair  of  bent  nails  which  may  be  taken  apart, 
or  a  pair  of  rings  which  are  linked  together.  There  are  many 
others.  Time  yourself  in  solving  these  on  successive  attempts. 
Can  you  do  all  of  them  in  less  and  less  time  ?  What  does  a  graph 
of  your  results  look  like  ? 

2.  Make  a  list  of  common  reactions  on  the  various  levels. 
After  each  one,  explain  why  you  classified  it  as  you  did. 

3.  Try  to  prepare  a  simple  scientific  talk  on  the  topic  "Why  it 
is  important  that  proper  work,  study,  and  behavior  habits  be 
established  early  in  life." 


Chapter  XXVI  •  What  are  the  Causes  of 
Illness,  and  How  may  we  avoid  Them? 

Among  all  the  human  desires  the  one  for  health  has 
always  occupied  a  prominent  place.  We  find  references  to 
it  throughout  all  recorded  history  and  can  safely  guess  that 
this  desire  was  equally  strong  among  prehistoric  people. 

While  the  desire  for  good  health  has  always  been  present, 
the  means  for  controlling  the  causes  of  ill  health  is  a  recent 
achievement.  We  like  to  think  of  our 

JyTqn  nOC  TY|Q  Qp 

great  progress  in  modern  civilization  as  one  in  which  prin- 
uol em  heakh011"  c*Ples  sanitation  are  effectively  applied. 

We  often  hear  a  community  referred  to 
as  sanitary,  meaning  that  effective  measures  are  being 
taken  to  control  the  causes  of  ill  health.  You  may  compare 
communities  by  referring  to  tables  of  figures  showing  ill¬ 
ness  and  death  rates.  If  you  have  a  health  officer  in  your 
community,  he  will  probably  be  glad  to  come  to  your 
school  and  talk  to  you  about  community  sanitation. 

During  recent  years  man  has  been  able  to  accomplish 
much  in  reducing  illness  and  in  finding  ways  by  which 
disease  formerly  thought  incurable  can  be  prevented  and 
cured.  In  the  earliest  historical  records  there  are  accounts 
of  methods  used  to  cure  the  sick.  Some  of  the  methods 
seem  strange  indeed  to  us  today.  Some  command  our  very 
great  respect.  All  bear  abundant  testimony  to  the  eager¬ 
ness  of  man  to  keep  well.  Let  us  look  back  into  history  and 
see  some  of  the  things  man  has  done  in  his  fight  against 
diseases.  In  this  way  we  may  perhaps  gain  a  better  idea 
of  how  far  we  have  progressed. 

The  ancient  Babylonians,  who  lived  long  before  the 
birth  of  Christ,  brought  their  sick  to  the  market  place, 
where  they  told  their  troubles  to  those  who  passed  by. 
People  who  had  suffered  similar  ailments  told  how  they 
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had  been  cured,  and  the  sick  person  chose  from  what  he 
was  told  the  treatment  he  wished  to  take.  Perhaps  this 
does  not  seem  so  ancient,  after  all.  The  A/r  ,  ~  , 

.  .  t-j  it  •  Man  s  fight  against 

conversation  m  the  ancient  Babylonian  ill  health  is  as  old 
market  place  must  have  been  similar  to  astherace 
that  of  the  market  place  today,  for  people  still  like  to  tell 
of  their  ailments  and  what  they  did  to  cure  themselves. 

With  the  Babylonians,  however,  as  with  other  ancient 
people,  cures  were  sought  through  belief  in  charms,  religious 
ceremony,  and  the  use  of  drugs.  Remedies  to  be  taken 
internally  included  herbs,  honey,  and  many  others.  These 
people  also  practiced  bloodletting,  a  process  in  which  blood 
was  taken  from  the  body.  They  probably  worked  on  the 
supposition  that  "bad  blood"  should  be  drawn  from  the 
body  to  free  the  patient  of  his  illness.  The  Babylonians 
also  used  hot  and  cold  baths  in  their  treatments,  as  well  as 
salves  and  oil  to  massage,  or  rub,  the  parts  of  the  body  in 
which  pain  was  felt. 

Among  the  early  Greeks  the  name  of  ^Esculapius  is 
associated  with  the  treatment  of  disease.  According  to 
Greek  myths  he  was  the  son  of  Apollo,  gome  ancient 
god  of  manly  youth  and  beauty,  of  poetry 
and  music,  and  of  healing.  It  is  interest-  ruperstit?on^ndn 
ing  to  notice  that  the  god  of  medicine  was  ma§ic 
the  son  of  the  god  with  whom  the  noblest  powers  were 
associated.  Should  you  say  that  ^Isculapius,  as  pictured 
in  Fig.  347,  is  a  fitting  god  of  health  ?  According  to  Greek 
myths  iEsculapius  was  educated  by  a  centaur  named 
Chiron,  half  man  and  half  horse.  He  was  taught  the  heal¬ 
ing  power  of  herbs  and  was  said  to  have  gained  such  powers 
in  the  treatment  of  disease  that  he  was  able  to  bring  the 
dead  to  life.  He  became  so  powerful  that  he  offended  Zeus, 
the  god  of  wind,  rain,  lightning,  and  of  moral  law.  For  this 
offense  Zeus  killed  ^Csculapius  with  a  flash  of  lightning. 

Temples  similar  to  the  one  in  Fig.  348  were  erected  to 
this  god  of  medicine,  and  they  served  as  places  of  worship 
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and  as  places  for  treatment  of  the  sick.  The  patient  was 
received  at  the  temple  by  a  priest,  and  certain  ceremonies 

were  performed,  including 
the  sacrifice  of  a  rooster 
or  a  ram.  The  sufferer 
would  then  sleep  in  the 
temple.  According  to  the 
belief,  if  he  were  earnest 
and  reverent,  AEsculapius 
would  appear  to  him  in  a 
dream  and  tell  him  what 
to  do  to  become  well.  The 
priest  of  the  temple  then 
interpreted  the  dream  and 
directed  the  treatment. 
Strange  to  say,  this  was 
of  the  kind  commonly  rec¬ 
ognized  today  as  best  for 
most  ailments.  It  included 
good  foods,  physical  ex¬ 
ercise,  massage,  bathing, 
sunshine,  and  fresh  air. 
Some  drugs  were  known, 
and  these  were  used  when 


Fig.  347.  iEsculapius  was  a  Greek  God 
of  Medicine 

Do  you  know  of  any  other  ancient 
health  gods? 


the  condition  of  the  patient  seemed  to  require  them. 

Those  who  recovered  left  as  an  offering  to  the  god  a 
tablet  of  stone  giving  the  history  and  treatment  of  the 
disease.  These  tablets  were  prominently 
displayed  in  the  temple.  Perhaps  the 
Greeks  followed  the  methods  of  modern 
advertising,  for  no  records  were  kept  of 
those  who  failed  to  obtain  a  cure !  It  is  easy  to  imagine  the 
effects  that  might  come  from  the  display  of  these  tablets. 
The  incoming  patients  saw  the  accounts  of  marvelous  cures. 
Belief  in  these  cures  would  certainly  have  a  wholesome  in- 


Some  ancient 
health  practices 
seem  fairly 
effective 
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Fig.  348.  Not  so  very  long  ago  Temples  such  as  this  were  erected  to  Gods 
of  Health  and  Medicine 

Many  such  temples  were  built  in  Greece  and  Rome.  These  ancient  temples 
must  have  served  as  fairly  good  hospitals 

fluence  upon  the  new  patients.  Together  with  good  food, 
sunshine,  fresh  air,  and  other  means  employed  in  treatment, 
such  belief  must  have  helped  to  make  these  ancient  tem¬ 
ples  fairly  effective  hospitals.  These  temples  were  promi¬ 
nent  in  the  history  of  Greece  and  neighboring  countries  for 
more  than  a  thousand  years. 

The  American  Indians  used  strange  religious  ceremonies 
in  the  treatment  of  their  sick.  These  ceremonies  were  typi¬ 
cal  of  those  followed  by  other  primitive  people.  The  priest- 
physician,  dressed  in  a  costume  similar  to  that  shown  in 
Fig.  349,  used  strange  equipment,  including  rattles,  feath¬ 
ers,  eagle  claws,  the  foot  of  some  animal,  together  with 
other  things.  With  this  equipment  he  would  endeavor  to 
drive  out  the  evil  spirit  of  any  illness.  The  religious  cere¬ 
mony  was  strengthened  by  other  treatments,  including  the 
use  of  herbs.  Sweat  baths  were  also  used  by  the  Indians 
as  a  favorite  method  of  treatment. 
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From  this  brief  account  you  can  see  that  health  has 
always  been  a  matter  of  interest  to  people  and  that  all  of 
them  have  attempted  in  one  way  or  another  to  overcome 

the  difficulties  which 
have  affected  health. 
Let  us  now  come  down 
to  the  present  day. 


A,  What  causes 
Illness  ? 


Field.  Museum  of  Natural  History 

Fig.  349.  The  Health  Practices  of  the  Amer¬ 
ican  Indian  were  sometimes  based  upon 
Superstition  and  Magic 

What  other  purposes  than  that  of  a  healer  did 
the  medicine  man  serve? 


Let  us.  at  the  very 
beginning  give  you 
an  answer  to  this 
question  and  then  see 
if  we  can  give  you  a 
sufficient  number  of 
illustrations  to  make 
the  answer  clear.  Let 
us  say  that  illness  is 
caused  by  a  condition 
in  the  body  which  dis¬ 
turbs  the  normal  func¬ 
tioning  of  the  body. 
A  condition  of  health 
is  a  condition  of  nor¬ 
mal  functioning.  A 
condition  of  illness  is 
one  in  which  normal 
functioning  fails. 


You  have  already  seen  how  the  normal  working  of  the 
body  depends  upon  a  beautiful  balance  between  the  various 
organs  of  the  body.  You  have  seen,  for  example,  how  food 
passes  through  the  walls  of  certain  organs  of  digestion,  into 
the  blood,  and  is  distributed  to  the  cells  as  needed  for 
growth  and  for  energy.  Can  this  balanced  functioning  be 
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disturbed?  Waste  products  from  the  release  of  energy 
enter  the  blood  from  the  cells.  They  are  carried  to  the 
lungs  and  to  the  kidneys.  Through  these 
organs  the  wastes  are  separated  from  the  ing  normally  is  a 
blood  and  conveyed  outside  the  body.  Are  bo(h  .in  which  bal- 
there  possibilities  of  disturbance  to  the  ance  1S  maintained 
balanced  functioning  of  these  processes  ?  Consider  impure 
air  or  improper  habits  of  getting  rid  of  waste.  Think,  too, 
if  you  will,  of  the  complex  nervous  system  which  you  have 
seen,  and  think  of  the  many  chances  that  normal  func¬ 
tioning  may  be  disturbed  here.  Do  these  familiar  explana¬ 
tions  make  our  answer  to  the  question  at  the  beginning  of 
this  section  any  clearer  ? 

There  are,  of  course,  many  other  causes  of  disturbance 
than  those  we  have  illustrated.  In  general  the  explanation 
for  disturbed  functioning  may  be  found  in 
one  or  more  of  six  types  of  disorders. 

These  are  disorders  due  to  incorrect  diet, 
bacterial  infection,  poisons,  faulty  gland 
action,  structural  defects,  and  accidents. 

You  are  already  familiar  with  some  of  these  disorders. 
You  know  something  of  the  functions  served  by  proteins, 
carbohydrates,  and  fats.  You  have  seen  evidence  of  the 
importance  of  vitamins  in  the  diet.  Disturbed  functioning 
due  to  poisoning  is  not  new  to  you,  for  in  your  previous 
work  in  science  you  have  studied  the  effects  of  alcohol, 
tobacco,  and  some  of  the  poisonous  gases  upon  the  human 
organism.  You  have  also  seen  in  the  last  few  chapters  how 
some  structural  defects  often  cause  difficulty.  As  you  con¬ 
sider  the  parts  of  the  body,  it  seems  extremely  complex. 
There  is  the  blood  with  its  many  ingredients  and  always 
changing.  There  are  organs  of  digestion  and  digestive 
juices,  there  are  glands  of  internal  secretion,  and  other 
parts.  In  health  all  these  work  together.  Let  us  look  now 
at  some  of  the  causes  of  unbalanced  functioning. 


Ill  health  is  caused 
by  a  disturbance 
in  the  normal  bal¬ 
ance  between  the 
various  organs  of 
the  body 
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B.  What  Part  does  the  Blood  play  in  Normal 
Functioning  ? 

If  you  could  examine  the  blood  of  a  healthy  person,  you 
would  find  it  a  complex  substance,  forming  about  9  per 
The  blood  is  a  cent  of  the  total  weight  of  the  body.  The 
complex  substance  liquid  part  of  the  blood  is  called  plasma, 
and  floating  in  the  plasma  are  the  red  and  white  cells. 
About  two  thirds  of  the  weight  of  the  blood  is  plasma. 
The  cells  make  up  one  third.  Let  us  examine  the  liquid 
part,  the  plasma.  This  is  about  90  per  cent  water  and 
10  per  cent  solids.  If  you  recall  how  foods  are  transported 
through  the  system,  you  may  perhaps  guess  that  these 
solids  are  dissolved  food  substances.  So  they  are,  in  great 
part.  In  addition  to  the  foods  there  are  mineral  salts. 

It  is  interesting  to  notice  how  the  various  substances 
composing  the  plasma  are  kept  in  a  nice  balance.  There 
is,  for  example,  about  0.1  per  cent  of  sugar  in  the  normal 
sample  of  plasma.  This  may  range  as  low  as  0.07  per  cent 
under  conditions  of  health  or  as  high  as  0.18  per  cent.  If 
the  concentration  runs  higher  than  0.18  per  cent,  as  it  may 
following  a  heavy  feast  of  candy,  the  surplus  is  carried  off 
through  the  kidneys  as  waste.  Only  in  illness  does  the 
percentage  run  lower  than  0.07  per  cent.  Thus  the  body 
through  normal  functioning  regulates  the  amount  of  sugar 
in  the  blood.  Other  substances  in  the  blood,  too,  are  regu¬ 
lated.  The  concentration  of  salts  is  maintained  at  about 
0.6  per  cent,  with  a  normal  change  of  not  more  than  0.1 
per  cent  below  or  above  that  amount. 

Other  substances  are  found  in  the  plasma,  but  they  are 
present  in  very  small  amounts.  There  is  a  substance  which 
causes  the  plasma  to  clot,  or  thicken,  when  it  comes  in  con¬ 
tact  with  injured  tissue.  If  you  have  ever  had  your  tonsils 
taken  out  or  perhaps  had  some  other  kind  of  operation,  you 
know  that  one  of  the  tests  given  you  was  one  to  see  whether 
or  not  your  blood  clotted  properly.  You  can  see  the  im- 
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portant  part  in 
bodily  processes 


portance  of  this.  Certain  people  are  called  "  bleeders,”  or, 
in  scientific  terms,  they  are  said  to  suffer  from  haemophilia. 
This  disease  is  hereditary  and  is  passed  on  from  generation 
to  generation. 

As  a  part  of  the  plasma,  too,  there  are  substances  which 
destroy  the  effects  of  poisons  which  may  get  into  the  body. 
You  may  study  these  a  little  later.  There 

.  ,  , .  i  ,  t  ,  Secretions  of  the 

are  also  regulating  substances  which  come  giands  play  an  im- 

from  the  glands  of  internal  secretion. 

These  are  important.  In  Fig.  350  is  indi¬ 
cated  the  location  of  some  of  these  glands  in  the  body. 
Their  effects  upon  the  organism  have  been  carefully 
studied,  but  much  re¬ 
mains  to  be  learned  about  I 

them.  The  thyroid  gland, 
located  in  the  neck,  pro¬ 
duces  a  secretion  which 
plays  a  most  important 
part  in  regulation  of  the 
manner  in  which  the  body 
uses  food.  A  secretion 
from  the  parathyroids  reg¬ 
ulates  the  use  of  calcium, 
which,  as  you  know,  is  a 
very  important  element 
in  the  growth  of  bones. 

The  pituitary  body  at  the 
base  of  the  brain  furnishes 
a  secretion  which  regu¬ 
lates  the  rate  of  growth 
in  bones.  A  secretion 
called  insulin,  taken  up 
by  the  blood  as  it  flows 
through  the  pancreas, 
regulates  the  use  of  sugar.  The  balance  of  sugar  in  the 
blood  cannot  be  maintained  without  this  secretion. 


Pineal 


Pituitary - 


Parathyroids 


Adrenals 


Pancreas 


Fig.  350.  Secretions  of  the  Various 
Glands  play  an  Important  Part  in 
Bodily  Processes 

Defects  of  the  glands  may  result  in  serious 
defects  in  the  functioning  of  the  human 
organism 
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Red  corpuscles 
carry  oxygen  to 
the  cells 


Red  corpuscle 


There  are  other  glands  of  internal  secretion.  Each  pours 
into  the  blood  a  particular  regulating  substance.  These 
internal  secretions  are  called  hormones,  a  word  meaning  to 
"excite”  or  '"cause  to  act.”  Since  the  hormones  are  essen¬ 
tial  in  the  maintenance  of  the  balance  within  the  body,  it 
is  easy  to  understand  that  failure  of  these  glands  to  func¬ 
tion  properly  will  cause  illness. 

Now  let  us  look  at  another  important  part  of  the  blood. 
If  you  could  look  at  a  sample  of  blood  under  a  powerful 
microscope,  you  would  see,  as  in  Fig.  351, 
that  it  contains  many  small  particles. 
Most  of  them  are  red  in  color,  but  some 
are  white.  You  already  know  something  of  the  function  of 
the  red  corpuscles.  They  combine  with  oxygen  as  they 

flow  with  the  blood 
through  the  lungs, 
and  they  release  oxy¬ 
gen  to  the  cells  for  the 
oxidation  of  food.  The 
combining  takes  place 
where  there  is  a  sur¬ 
plus  of  oxygen;  the 
release  takes  place 
where  there  is  a  short¬ 
age  of  oxygen.  As  you 
can  judge  from  Fig. 
351,  these  corpuscles 
are  extremely  tiny. 
In  man  there  are  nor¬ 
mally  5,000,000  in 
1  cubic  millimeter. 
Perhaps  we  can  make 
this  mean  more.  The 
little  cube  shown  in 
Fig.  352  represents  1  cubic  centimeter.  This,  as  you  may 
know,  is  1000  cubic  millimeters.  The  blood  required  to 


White 


corpuscle 


Fig.  351.  About  One  Third  of  the  Total 
Weight  of  the  Blood  is  made  up  of  Red  and 
White  Corpuscles 

This  photograph  of  a  very  small  portion 
of  blood  was  taken  through  a  microscope 
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fill  this  small  volume  of  1  cubic  centimeter  will  contain 
5,000,000,000  red  corpuscles.  In  women  the  number  of 
red  corpuscles  per  unit  volume  is  a 
little  less  than  in  men,  about  4,500,- 
000,000  in  1  cubic  centimeter. 

In  the  normal  work  of  the  body  red 
corpuscles  are  destroyed  and  new  ones 
are  supplied.  You  learned  in  your  study 
of  bones  that  the  source  of  supply  for 
new  ones  is  the  bone  marrow.  As  the 
result  of  certain  diseases  the  number  of 
red  corpuscles  may  be  considerably  re¬ 
duced.  A  person  suffering  from  a  definite  shortage  of  red 
corpuscles  is  said  to  have  anaemia.  It  is  obvious  that  a 
condition  of  anaemia  will  interfere  seriously  with  normal 
functioning  of  the  body. 

How  about  the  white  corpuscles?  An  important  func¬ 
tion  of  these  corpuscles  is  to  keep  the  blood  free  from  in¬ 
vading  organisms,  especially  bacteria, 
plants  so  small  that  they  can  be  seen 
only  through  a  microscope.  The  white 
corpuscles  devour  and  digest  the  liv¬ 
ing  organisms  that  get  into  the  blood. 

Study  Fig.  353.  Normally  there  are 
from  5000  to  15,000  white  corpuscles 
in  each  cubic  millimeter  of  blood,  or, 
roughly,  1  white  to  1000  red  ones.  In 
case  of  disease  the  number  may  be 
very  much  greater.  In  an  injury,  as 
when  you  cut  your  finger,  white  cor¬ 
puscles  collect  in  the  tissue  near  it  and 
act  as  guards  against  bacteria.  The  pus 
which  forms  about  an  infected  cut 
contains  many  white  corpuscles.  These  white  corpuscles 
seem  always  to  increase  in  number  when  more  are  needed. 
An  increase  in  their  number  is  evidence  of  internal  infection. 


Fig.  353.  The  White  Cor¬ 
puscles  of  the  Blood  aid 
in  fighting  Bacterial  Dis¬ 
eases 

This  photograph,  showing 
white  corpuscles  destroy¬ 
ing  and  digesting  living  or¬ 
ganisms,  was  taken  through 
a  microscope 


ZH7 
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Fig.  352.  A  Cubic 
Centimeter  of  Blood 
contains  from  Four 
and  a  Half  to  Five 
Billion  Red  Cor¬ 
puscles 
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Fig.  354.  Two  Kinds  of  Parasites,  Plant  and  Animal,  may  live  within  the 
Body  and  cause  Disease 

Some  common  parasites  of  both  types  are  shown  above 


C.  How  do  Microorganisms  affect  the  Health  of 
the  Body  ? 

Two  kinds  of  parasites,  plant  and  animal,  may  live 
within  the  body  and  cause  disease.  Some  are  shown  in 

Plant  and  animal  Fig.  354.  The  tiny  plant  parasites  asso- 
parasites  cause  dated  with  many  diseases  are  known  as 
disease  bacteria.  There  are  many  kinds,  but  only 

a  few  produce  any  harmful  effect  upon  the  human  body. 
Of  the  animal  parasites  there  are  the  Protozoa,  which  are 
tiny  single-celled  animals;  and  there  are  larger  parasites, 
such  as  the  hookworm,  tapeworm,  and  others.  The  same 
organisms,  however,  always  produce  the  same  disease. 
Let  us  look  at  some  of  them. 

You  know  something  of  the  causes  of  malaria.  It  is 
caused  by  a  tiny  protozoan  and  is  carried  from  one  person 
Malaria  is  caused  to  another  by  mosquitoes.  But  the  tiny 
by  a  protozoan  parasites  have  a  peculiar  life  cycle,  for 
part  of  it  must  be  spent  in  the  body  of  a  mosquito,  and 
part  in  the  body  of  a  human  being.  Because  of  this  fact 
the  parasite  may  not  pass  directly  from  one  person  to  an¬ 
other  nor  from  one  mosquito  to  another.  It  can  pass  from 
man  to  man  only  by  way  of  a  mosquito,  and  from  mosquito 
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A  malarial  patient  is  Malaria  parasites  are  The  malaria  parasites 

bitten  by  an  Anopheles  carried  in  the  body  of  may  be  transmitted 

mosquito  the  mosquito  to  a  healthy  person 

Fig.  355.  Part  of  the  Life  Cycle  of  the  Malaria  Parasite  is  spent  in  the  Body 
of  the  Mosquito,  and  Part  in  the  Body  of  a  Human  Being 

to  mosquito  only  by  way  of  a  human  being,  as  shown  in 
Fig.  355.  In  the  blood  stream  the  parasite  attacks  and 
feeds  upon  the  red  corpuscles.  The  destruction  of  red  cor¬ 
puscles  and  the  presence  of  waste  products  produced  from 
this  destruction  cause  the  symptoms  of  the  disease.  Thus 
anaemia  is  a  normal  accompaniment  of  malaria.  It  should 
be  easy  to  see  how  malaria  may  disturb  the  normal  func¬ 
tioning  of  the  body.  The  control  of  malaria,  of  course, 
depends  upon  destroying  the  mosquito  carrying  the  para¬ 
site.  You  have  read  in  your  previous  science  work  how 
this  is  done.  This  control  may  be  very  effective.  In  some 
communities  in  which  malaria  was  once  a  common  illness 
it  is  now  almost  unknown. 

One  of  the  most  interesting  stories  in  the  history  of  man's 
control  over  bacterial  diseases  is  found  in  his  attempts  to 
fight  tropical  diseases.  Under  conditions  of  heat  and  mois¬ 
ture  it  is  difficult  indeed  to  apply  measures  for  sanitation. 
But  let  us  illustrate  by  telling  some  of  the  things  that  have 
been  done. 

At  the  time  of  the  Spanish-American  War  our  soldiers 
in  Cuba  suffered  a  great  deal  from  yellow  fever.  No  one 
knew  how  the  disease  was  carried.  It  was  f 

believed  that  it  was  contagious ;  that  is,  carried  from  one 
that  one  person  could  give  the  disease  to  ^^^^osquito111617 
another  by  mere  contact.  Directly  after 
the  war,  army  physicians  began  working  on  the  prob¬ 
lem.  With  the  aid  of  volunteers,  some  of  whom  died  in  the 
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experiment,  it  was  found  that  yellow  fever,  like  malaria,  is 
carried  by  a  mosquito.  The  yellow-fever  mosquito  is  called 
Aedes  egypti.  To  prove  the  cause  of  this  illness,  one  of 
these  mosquitoes  was  allowed  to  suck  blood  from  a  per¬ 
son  suffering  from  it.  A  little  later  this  mosquito  was 
allowed  to  bite  a  healthy  person.  This  healthy  person  was 
a  private  soldier  who  had  volunteered  for  the  test.  The 

soldier  contracted  the 
disease.  These  obser¬ 
vations,  along  with 
many  others,  were 
taken  as  proof  of  the 
manner  in  which  this 
disease  is  spread.  As 
a  result  of  these  obser¬ 
vations  a  drive  was 
made  to  clean  up  the 
breeding  places  of  the 
mosquito.  Today  yel¬ 
low  fever  is  practi¬ 
cally  unknown  in 
the  United  States,  and 
such  former  centers 
of  the  disease  as  Cuba 
(see  Fig.  356)  and  the  Canal  Zone  are  comparatively  free 
from  it.  In  the  case  of  malaria  the  parasite  causing  the  dis¬ 
ease  has  been  discovered.  In  the  case  of  yellow  fever  it  has 
not ;  so  the  real  cause  of  yellow  fever  remains  unknown. 

The  course  by  which  some  organisms  enter  the  body 
seems  almost  too  strange  to  be  true.  Consider  the  hook¬ 
worm,  for  example.  This  organism  (Fig.  357)  may  live  as 
a  parasite  in  the  intestine  of  man.  It  attaches  itself  to  the 
walls  of  the  intestine,  and  its  action  results  in  the  loss  of 
considerable  blood.  Sufferers  are  anaemic  and  consequently 

1  From  Public  Health  in  the  United,  States,  by  Harry  H.  Moore,  pub¬ 
lished  by  Harper  &  Brothers. 


Fig.  356.  By  Applying  Scientific  Knowl¬ 
edge,  Yellow  Fever  has  been  almost  com¬ 
pletely  wiped  out  in  Many  Parts  of  the 
World 

The  graph  shows  control  of  the  disease  in  Ha¬ 
vana.1  What  do  you  think  caused  the  drop? 
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very  low  in  physical  endurance.  Hookworms  pass,  in  the 
waste  material,  from  the  body  of  an  infected  person.  Under 
favorable  conditions  they  may  live  for  The  llookworm 
some  time  in  the  soil  where  deposited,  parasite  lives  in 
Hookworm  disease  is  common  in  warm  the  mtestine 
regions  where  people  go  barefooted.  The  parasite  com¬ 
monly  enters  the  body  of  a  victim  through  the  skin  between 
the  toes.  Once  in  the  blood,  hookworms  may  be  carried  in 
the  circulation  to  the  lungs.  Here  they  penetrate  the  air 
pouches,  or  sacs,  and 
enter  the  breathing 
passage.  They  may 
be  coughed  up  from 
the  lungs,  swallowed, 
and  finally  reach  their 
lodging  place  in  the 
intestine.  Hookworm 
disease  may  be  cured 
by  proper  treatment 
with  drugs.  It  may  be 
prevented  by  applica¬ 
tion  of  proper  sanita¬ 
tion.  It  is  a  filth 

disease  and  develops  under  conditions  like  those  shown  in 
Fig.  358.  It  cannot  develop  if  sewage  is  properly  disposed  of. 

There  are  other  animal  parasites  that  cause  disease. 
Most  known  parasites,  however,  may  be  controlled.  In 
order  that  there  may  be  control,  it  is  necessary  to  know 
the  life  history  of  the  organism.  Do  you  see  why  this 
knowledge  is  necessary? 

Among  the  diseases  known  to  be  caused  by  bacteria 
are  diphtheria,  typhoid  fever,  tuberculosis,  tetanus,  and 
plague. 

Diphtheria,  a  highly  contagious  disease,  is  caused  by 
bacteria  that  may  live  in  the  throat.  It  is  easy  to  under¬ 
stand  how  this  illness  is  spread.  A  sufferer  from  the  disease 


Fig.  357. 


Army  Medical  Museum 

The  Hookworm  Parasite  lives  in 
the  Intestine 


These  parasites  are  much  magnified 
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Fig.  358.  Why  should  Conditions  such  as  these  be  Favorable  for 
Hookworm? 

Notice  the  bare  feet  and  the  sewage-infected  stream.  How  may  the 
conditions  be  remedied? 

may  hurl  little  droplets  of  moisture  from  the  throat  by 
coughing  or  by  talking.  Bacteria  may  be  carried  in  these 
droplets  into  the  air,  and  into  the  throat 

The  bacteria  of  „  , .  ,  ,  , ,  -r-, 

diphtheria  pro-  of  another  person  as  he  breathes.  Fortu¬ 
ne  a  toxin  in  nately  these  bacteria  will  remain  alive  in 

the  blood  stream  .  .  .  .  .  . .  in 

air  for  only  a  short  time ;  so  one  can  hardly 
catch  the  disease  unless  he  is  very  close  to  the  person  who 
has  it.  As  the  organism  lives  in  the  throat,  it  feeds  upon 
the  mucus  secreted  there.  Waste  products  are  formed,  and 
among  them  is  a  substance  called  toxin  (a  word  meaning 
"poison”).  This  poisonous  substance  passes  into  the  blood 
and  causes  the  symptoms  of  the  disease. 

You  have  already  learned  that  one  function  of  the  blood 
is  to  resist  the  effects  of  poisons.  It  seems  that  all  of  us 
have  within  our  blood  a  special  substance  for  resisting  the 
effects  of  diphtheria  toxin.  We  may  call  this  substance 
the  antitoxin  of  diphtheria.  Every  person  seems  to  have 
some  power  of  resistance  against  this  disease.  As  the  bac- 
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teria  grow  in  the  throat  and  release  toxin  into  the  blood, 
the  body  normally  reacts  against  the  invasion,  and  the 
patient  may  recover  from  the  disease  without  aid.  Some 
people  seem  to  be  entirely  immune  to  the  disease ;  others 
may  have  it  in  such  a  light  form  that  they  are  hardly  con¬ 
scious  of  any  illness  at  all.  All  too  often,  however,  the 
disease  results  in  painful  suffering  and  death.  It  had  been 
observed  many  times  that  most  of  those  who  have  diph¬ 
theria  do  not  have  it  a  second  time.  One  illness  makes 
them  immune.  In  the  search  for  a  treatment  for  the  disease 
a  method  was  sought  that  would  produce  in  the  blood, 
without  having  the  disease,  the  same  effects  as  are  produced 
by  having  it. 

The  treatment  of  diphtheria  is  one  which  gives  aid  to 
the  natural  resistance.  There  is  some  antitoxin  normally 
in  the  blood.  As  the  disease  advances,  ^  , 

7  Ihe  human  body 

the  concentration  of  antitoxin  increases,  produces  antitoxin 
But  it  may  not  increase  fast  enough.  As  in  sma11  amounts 
an  added  protection  the  physician  injects  (inserts)  doses  of 
antitoxin  into  the  blood.  If  the  disease  is  recognized  early 
and  antitoxin  is  immediately  injected,  the  danger  of  death 
or  severe  consequences  from  diphtheria  is  very  slight. 

Where  does  the  physician  obtain  antitoxin  for  diph¬ 
theria?  In  general  the  answer  is  simple.  The  bacteria  of 
diphtheria  may  be  grown  in  a  test  tube,  and  in  this  condi¬ 
tion  toxin  is  produced  just  as  in  the  throat.  The  toxin  is 
dissolved  in  liquid.  The  bacteria  are  tiny,  but  with  a  very 
fine  filter  the  liquid  containing  the  toxin  may  be  filtered 
from  the  tiny  organisms.  Now  suppose  some  of  this  liquid 
is  injected  into  an  animal,  say  a  horse.  Will  the  horse  have 
diphtheria  ?  Of  course  it  cannot ;  for  there  are  no  bacteria 
in  the  toxin,  and  only  the  bacteria  can  cause  the  disease. 
The  horse  may,  however,  suffer  somewhat  from  the  effects 
of  the  poisonous  toxin. 

The  blood  of  the  horse  resists  the  effects  of  the  toxin  by 
developing  an  antitoxin.  In  practice  a  small  dose  of  toxin 
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Antitoxin  is  pro¬ 
duced  commer¬ 
cially  and  used  to 
help  the  human 
organism 


separated  from  bacteria  that  grew  in  a  test  tube  is  injected 
into  the  blood  stream  of  a  horse.  Some  antitoxin  forms  in 
the  blood  of  the  horse  to  resist  its  effects. 
In  a  few  days  a  second  dose,  larger  than 
the  first,  is  injected.  More  antitoxin  is 
produced.  The  treatment  is  continued 
with  increasing  doses  until  the  horse  is  able  to  take  and 
resist  a  very  large  amount  of  toxin.  Now  the  horse’s 

blood  contains  a  large 
amount  of  antitoxin. 
Since  the  horse  is  a 
large  animal,  a  con¬ 
siderable  quantity  of 
blood  may  be  drawn 
from  its  body  with¬ 
out  noticeable  injury. 
Antitoxin  may  be 
separated  from  this 
blood  and  used  to  save 
the  lives  of  children 
after  they  have  con¬ 
tracted  diphtheria. 
Some  steps  in  the  pro¬ 
duction  of  antitoxin 
are  shown  in  Fig.  359. 

A  few  years  ago 
a  treatment  known 
as  the  toxin-antitoxin 
was  discovered  for 
developing  immunity 
against  the  disease.  A 

Fig.  359.  Some  Kinds  of  Antitoxin  are  pro-  person  who  is  immune 
duced  commercially  and  used  to  help  the  Cannot  Catch  it.  The 
Human  Organism  method  is  One  which 

Antitoxin  for  diphtheria  is  produced  in  the  starts  the  develop- 
blood  of  healthy  horses.  The  toxin  may  be  .  .  . 

produced  by  bacteria  growing  in  a  test  tube  Uieilt  01  antltOXin  111  a 
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person  instead  of  in  a  horse.  A  mixture  of  toxin  and  anti¬ 
toxin  is  injected  into  the  body ;  the  antitoxin  balances  the 
effects  of  the  toxin,  and  the  toxin  induces  ~  .  , 

lreatment  in  bac- 

the  production  of  more  antitoxin.  When  terial  diseases  is 
this  is  produced  in  the  blood,  the  person  f0a®ncreasetth?PtS 
acquires  a  protection  similar  to  that  normal  resistance 
produced  by  having  the  disease.  Anti-  of  the  body 
toxin  for  diphtheria  was  developed  about  1890.  The  reduc¬ 
tion  in  deaths  from  diphtheria  since  1900  is  shown  in  Fig. 
360.  No  doubt  the  use  of  antitoxin 
has  contributed  a  large  part  to  this 
decrease.  No  doubt  many  successful 
men  and  women  are  alive  and  work¬ 
ing  today  who  would  have  died  in 
childhood  had  not  antitoxin  been 
discovered.  The  control  of  diph¬ 
theria  is  one  of  man's  great  achieve¬ 
ments.  If  the  toxin-antitoxin  treat¬ 
ment  were  given  to  all  children, 
this  disease  could  be  completely 
wiped  out. 

Other  antitoxins  have  been  de¬ 
veloped  by  application  of  principles 
similar  to  those  that  have  guided 
us  in  the  production  of  antitoxin  for 
diphtheria.  There  are  effective 
antitoxins  for  tetanus,  hydrophobia, 
and  snake  bite.  Each  of  these  is 
extremely  dangerous  if  the  anti¬ 
toxin  is  not  used,  but  there  is  al¬ 
most  no  danger  of  death  from  any 
of  them  if  the  antitoxins  are  prop¬ 
erly  used. 

The  treatment  of  bacterial  disease  is  based  upon  the 
supposition  that  the  normal  ability  of  the  blood  to  resist 
1  From  Public  Health  in  New  Y ork  State,  published  by  Harper  &  Brothers. 
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Fig.  360.  The  Discovery  of 
Antitoxin  for  Diphtheria 
has  caused  a  Tremendous 
Drop  in  the  Death  Rate 
from  that  Disease 

The  graph1  shows  the  death 
rate  per  100,000  population 
in  New  Y ork  State.  Are  you 
immune  to  this  disease? 
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invading  bacteria  may  be  strengthened.  To  develop  im¬ 
munity  against  typhoid,  dead  bacteria  are  injected  beneath 
the  skin.  They  act  similarly  to  the  toxin  of  diphtheria  and 
produce,  without  causing  the  disease,  a  protection  similar 
to  that  produced  by  having  it. 

Vaccination  against  smallpox  causes  a  mild  case  of  the 
disease.  However,  it  is  not  harmful,  and  it  develops  an 
immunity  which  is  protection  against  further  attack  from 
this  disease. 

Not  all  diseases  have  been  conquered.  In  some  cases 
the  cause  of  the  infection  is  not  yet  known.  In  others  it  is, 
r ™  ,  but  man  has  not  been  able  to  find  the 

lhe  cause  for 

some  diseases  is  proper  means  of  fighting  it.  Thus  while 
unknown  man  kas  foun(j  the  bacteria  responsible 

for  tuberculosis,  he  has  not  been  able  to  develop  an  anti¬ 
toxin  which  will  control  them.  Many  people  believe  it 
may  be  cured  by  drugs,  however,  and  spend  millions  of 
dollars  a  year  on  treatments  which  are  nothing  but  cruel 
fakes.  So  far  the  only  help  in  tuberculosis  has  been  found 
through  rest,  fresh  air,  sunshine,  and  good  food.  This  treat¬ 
ment  is  effective;  and  if  the  "rest  cure"  is  begun  before 
the  disease  has  run  too  far,  recovery  is  usually  complete. 

Even  some  apparently  simple  causes  of  illness  are  yet  a 
mystery  to  science.  Consider  the  "common  cold."  We 
know  it  is  contagious,  but  no  one  has  found  the  bacterium 
responsible.  Shall  we  ever  find  it?  As  we  look  upon  the 
record  of  man  in  gradually  increasing  his  control  over 
other  diseases,  such  as  malaria,  typhoid,  scarlet  fever,  diph¬ 
theria,  and  yellow  fever,  it  seems  safe  to  predict  that  some 
day  the  mysteries  of  even  the  dreaded  tuberculosis  and  the 
less  dreaded  common  cold  will  be  solved. 

From  these  various  illustrations  you  can  come  to  the 
conclusion  that  a  foreign  substance  which  interferes  with 
the  normal  functioning  of  the  body  is  a  cause  of  disease. 
A  common  cause  of  disease  is  the  toxin  produced  by  a 
bacterial  parasite. 


Ewing  Galloway 

Fig.  361.  Edward  Jenner,  a  Physician  who  investigated  an 
Opinion  expressed  by  a  Milkmaid  ( 1749-1823 ) 

Two  hundred  years  ago  a  man  with  an  unscarred  face  was  unusual.  Kings 
carried  pockmarked  smiles  above  their  noble  robes.  Smallpox  was  a  disease 
so  widespread  that  doctors  thought  it  natural  to  all  children,  and  smallpox  epi¬ 
demics  had  occurred  since  early  history  •  Ever  since  he  could  remember, 
Edward  Jenner  had  wanted  to  be  a  doctor.  Apprenticed  to  a  surgeon  at  thir¬ 
teen,  he  saw  many  cases  of  smallpox.  One  day  a  woman  told  him  she  was  un¬ 
afraid —  had  she  not  had  cowpox?  Jenner  had  already  heard  this  statement 
many  times.  He  wondered  if  there  could  be  any  truth  in  it.  Was  there  indeed 
a  relation  between  cowpox,  which  harmed  no  one,  and  smallpox,  which  killed 
thousands?  A  few  years  more  and  young  Jenner  had  become  a  country  doctor 
in  his  home  town.  He  was  popular  with  his  patients  and  won  a  reputation  as 
a  skillful  surgeon.  The  problem  of  smallpox  was  still  before  him.  Dairymaids 
caught  cowpox  from  the  cattle,  had  a  few  sores,  and  never  got  smallpox.  Could 
he  deliberately  give  a  patient  cowpox  to  prevent  his  having  smallpox?  In 
1796  he  tried  it.  He  scratched  the  arm  of  a  patient,  put  in  a  bit  of  matter  from 
a  pox  sore, — and  the  patient  had  cowpox.  Later,  when  exposed  to  smallpox, 
he  did  not  get  it.  This  was  more  than  a  hundred  years  ago.  Today  vaccination 
is  insisted  upon  in  many  places.  Smallpox  epidemics  have  disappeared  from 
civilized  countries  because  a  country  doctor  investigated  an  opinion  expressed 
by  a  milkmaid. 
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D.  Shall  we  take  Medicines? 

The  common  method  of  treating  illness  is  to  take  medi¬ 
cines.  This  treatment  was  used  by  primitive  men  as  far 
back  as  one  can  trace  history.  It  is  used  today,  often  with 
no  more  intelligence  than  it  was  used  in  earlier  times.  The 
eagerness  of  man  to  regain  health  when  ill  has  led  him  to 
try  many  things.  As  a  result  of  these  many  trials,  sub¬ 
stances  have  been  found  which  will  produce  certain  well- 
known  effects  on  the  body.  There  are  narcotic  drugs  that 
kill  pain;  there  are  other  drugs  that  act  as  stimulants. 
But  when  you  recognize  that  the  cause  of  illness  is  a  dis¬ 
turbance  of  normal  functioning,  it  is  hard  to  see  how  a 
medicine  can  correct  the  difficulty. 

Yet  our  faith  in  medicines  seems  to  be  firmly  rooted. 
This  faith,  handed  down  to  us  from  our  forefathers,  finds 
Self-medication  but  bttle  support  from  modern  science.  It 
may  be  ineffective  seems  indeed  to  be  disgracefully  exploited 
and  dangerous  by  unpr  jncip]eci  advertisers,  with  the  result 

that  people  are  led  to  take  worthless  mixtures  as  treat¬ 
ments  for  serious  disorders.  At  the  same  time  others  are 
led  to  take  dangerous  substances  for  medicine  when  they 
need  nothing  at  all.  Many  of  the  complaints  of  man  are 
associated  with  ailments  which  are  but  products  of  his  own 
imagination. 

Alcohol  is  a  typical  narcotic  drug.  When  taken  even  in 
small  quantities  it  slows  up  the  normal  functioning  of  the 
Alcohol  is  a  body.  In  large  amounts  it  produces  com- 

narcotic  plete  insensibility  and  death.  The  effects 

of  alcohol  in  small  and  in  large  amounts  have  been  care¬ 
fully  studied,  and  there  is  little  or  nothing  that  can  be  said 
to  support  its  use.  A  typist  works  more  slowly  and  with 
less  accuracy  after  drinking ;  a  rifle-shooter  is  less  accurate 
in  his  aim ;  a  bookkeeper  is  less  accurate  in  adding  a  col¬ 
umn  of  figures.  Similarly  it  has  been  shown  that  ability 
to  memorize  and  to  reason  is  reduced  while  a  person  is 
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even  to  a  small  extent  under  the  influence  of  alcohol.  There 
seems  to  be  no  scientific  support  for  the  belief  expressed  by 
some  people  that  alcohol  improves  their  ability  to  think. 
There  are  stories  of  great  works  in  literature  and  in  music 
that  have  been  produced  by  artists  while  under  the  influ¬ 
ence  of  alcohol.  It  seems  likely  that  most  of  these  stories 
are  not  true.  There  can  be  no  doubt  that  alcohol  affects 
normal  functioning  of  the  body.  Similarly  there  can  be 
no  doubt  that  the  effect  in  most  cases  is  to  reduce  the 
efficiency. 

Alcohol  has  been  used  extensively  in  medicines.  In  fact, 
it  has  in  the  past  been  a  favorite  household  remedy  and 
has  been  used  in  the  treatment  of  most  of  the  common  ail¬ 
ments.  Careful  studies  show  that  it  is  actually  harmful  in 
most  of  the  cases  in  which  it  has  been  used.  Physicians  of 
today  have  very  little  use  for  alcohol  in  the  treatment  of 
disease. 

The  nicotine  of  tobacco  is  a  stimulant,  and  its  effects 
may  be  readily  observed.  It  causes  an  increase  in  rate  of 
heartbeat  and  an  increase  in  blood  pres-  Nicotine  is  a 
sure.  In  moderate  amounts  these  effects  stimulant 
are  mild  and  may  not  be  serious.  The  user  of  tobacco 
should  know,  however,  that  nicotine  disturbs  normal  func¬ 
tioning.  There  is  no  reason  to  believe  that  this  disturbance 
is  in  any  way  helpful. 

Drugs  and  medicines,  however,  do  have  their  place  in 
the  treatment  of  disease.  There  is  a  science  of  pharma¬ 
cology  (the  science  of  drugs),  and  the  physician  draws  upon 
this  science  in  his  prescription  of  medicine.  Quinine  is  a 
cure  for  malaria,  for  it  acts  as  a  poison  to  the  tiny  parasites 
that  feed  upon  the  red  blood  corpuscles.  Chaulmoogra  oil 
is  of  use  in  the  treatment  of  leprosy.  There  are  medicines 
that  will  clear  the  intestine  of  tapeworm  and  hookworm. 
These  treatments  should  be  given  following  the  advice  of 
a  physician. 

Thus  one  cannot  say  simply,  Do  not  take  medicines. 
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It  depends  upon  circumstances.  There  may  be  times  when 
a  stimulant  is  needed.  There  may  be  other  times  when  a 
narcotic  is  needed.  In  cases  of  constipation  a  cathartic 
may  be  necessary.  It  should  be  remembered,  however, 
that  in  all  cases  of  illness  self-medication,  that  is,  prescrib¬ 
ing  one's  own  medicine,  is  likely  to  be  not  only  ineffective 
but  very  dangerous. 


E.  What  are  Some  of  the  Problems  of  Healthful  Living 
in  a  Modern  Civilization? 

As  you  have  seen,  science  has  done  much  to  make  living 
healthful  and  safe  for  everyone.  As  you  may  see  a  little 
later  in  this  unit,  people  generally  have  taken  advantage  of 
many  of  the  results  of  scientific  experiments  to  secure  for 
themselves  a  healthful  environment  in  terms  of  such  factors 
as  providing  a  pure  water  supply  and  getting  rid  of  waste. 
Yet  even  by  the  best  types  of  organization  a  community 
cannot  guarantee  fully  a  man's  personal  health.  Much  of 
this  has  to  be  taken  care  of  by  the  individual  himself. 
What  do  we  mean? 

Once  upon  a  time,  as  you  have  read  in  the  early  part  of 
this  book,  man's  diet  presented  a  comparatively  simple 
-d  i.  ,  .  problem.  As  someone  put  it,  the  only 
important  factor  problem  was  whether  he  ate  or  did  not  eat. 
m  health  But  as  the  result  of  much  work  over  many 

years  man  today  is  able  to  choose  from  a  variety  of  foods. 
An  attempt  to  order  a  meal  from  a  restaurant  menu  or 
even  to  purchase  wisely  from  neighborhood  stores  raises 
many  problems  tied  up  with  knowledge  of  diets  and  their 
effect  upon  the  human  body.  You  know  that  certain  types 
of  food  substances  are  necessary  for  good  health.  You 
know  that  some  of  these  substances  are  present  to  a  greater 
degree  in  some  foods  than  in  others.  Do  you,  then,  select 
your  own  foods  in  the  cafeteria,  for  example,  so  as  to  secure 
a  well-balanced  meal,  or  do  you  select  them  in  such  a  way 
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as  to  overload  your  system  with  one  particular  substance? 
This  is  your  individual  problem. 

A  plentiful  supply  of  fresh  air,  sunshine,  and  exercise 
was  onlce  the  least  of  man's  worries.  His  food  was  secured 
by  hunting.  Later  his  work  was  agricul¬ 
tural.  But  today  life  is  different  for  many  Jan^s^nerdsfresh 
people.  They  live  in  heated  homes  and  air\  sunshine,  ex- 
work  in  heated  offices  and  factories.  Under  ercise’  an  rest 
such  conditions  man  needs  to  consider  carefully  the  pro¬ 
gram  by  which  he  shall  secure  his  share  of  fresh  air,  of  exer¬ 
cise,  and  of  sunshine. 

The  life  people  live  today,  moreover,  often  makes  it 
difficult  to  secure  proper  rest.  Active  days,  late  hours,  and 
insufficient  sleep  are  not  likely  to  lead  to  the  best  possible 
health.  From  the  study  you  have  made  of  the  human 
organism  you  should  realize  that  it  cannot  continue  to 
function  indefinitely  without  opportunities  to  slow  down 
and  rest.  Do  you  secure  sufficient  sleep  ? 

With  the  increasingly  complex  nature  of  civilization  has 
come  the  demand  for  greater  alertness.  The  accident  toll 
of  this  country  is  increasing  startlingly. 

*  -i  ,  .  i  i  i  i  Accidents  are 

Almost  a  hundred  thousand  people  a  year  more  common  in  a 
die  as  the  result  of  accidents — many  more  complex  civili- 

zation 

than  from  diphtheria,  typhoid,  yellow 
fever,  and  malaria  combined.  Why  should  this  be?  Part  of 
the  answer,  of  course,  lies  in  the  increasing  use  of  machines. 
Automobiles,  industrial  machines,  railroad  trains,  airplanes, 
—  all  contribute  to  this  death  rate.  But  as  one  examines 
the  causes  of  accidental  death,  one  is  struck  with  the  fact 
that  a  great  percentage  of  it  is  due  to  individual  careless¬ 
ness.  Consider  the  causes  illustrated  in  Fig.  362.  An  adult 
drives  a  car  across  the  railroad  track  without  heeding  the 
stop-look-listen  signal.  A  child  is  a  few  minutes  late  for 
school  and  dashes  across  the  street  against  a  red  light. 
A  worker  in  an  industrial  plant  was  out  late  the  night  be¬ 
fore,  his  nervous  reactions  are  not  as  rapid  as  they  should 
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Fig.  362.  A  Great  Percentage  of  the  Accidents  in  this  Country  are  due  to 
Carelessness 

What  other  items  should  you  add  to  those  shown  here  ? 

be,  and  a  piece  of  automatic  machinery  catches  his  finger 
or  his  hand.  These  things  are  difficult  to  guard  against  by 
automatic  means.  The  responsibility  becomes  the  individ¬ 
ual's.  How  well  do  you  accept  your  responsibility  ?  What  un¬ 
necessary  chances  have  you  taken  within  the  last  few  weeks  ? 

Finally  we  come  to  one  of  the  most  important  causes  of 
ill  health :  the  refusal  of  the  individual  to  take  advantage 
of  the  knowledge  opened  up  by  science.  In  spite  of  proved 
evidence  you  may  know  of  persons  whose  medicine  cabinets 
at  home  are  filled  with  patent  medicines  for  every  imagina¬ 
ble  sort  of  illness.  Your  elders  probably  know  of  other 
persons  who  are  perfect  bores  because  they  insist  upon  tak- 
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ing  every  occasion  for  telling  everyone  of  a  new  remedy 
they  have  found  for  some  imaginary  ailment.  Are  such 
people  taking  advantage  of  scientific  knowledge? 

In  the  end,  then,  good  health  depends  to  a  great  degree 
upon  the  intelligent  use  by  the  individual  of  knowledge  at 
hand.  Science  has  pointed  out  how  a 
normal  human  body  functions,  how  this  pends  upon  intelli* 
functioning  may  be  disturbed,  and  in  part  ?^r^t.°0f  known 
how  this  disturbance  may  be  corrected. 

Sometimes,  of  course,  it  is  impossible  to  restore  the  body 
to  a  condition  of  perfectly  healthy  action.  Many  times, 
however,  the  reason  why  this  is  not  achieved  lies  with  the 
individual  and  not  with  society. 


In  good  health  the  condition  of  the  body  is  found  to  be  a 
nicely  balanced  functioning  of  all  the  bodily  organs.  Ill  health 
comes  when  this  balance  is  disturbed.  Such  disturbances  may 
come  from  different  sources,  many  of  which  are  due  to  the 
pressure  of  living  in  a  complex  civilization. 


Can  You  Answer  these  Questions  ? 

1.  What  are  five  general  causes  of  disturbance  in  normal  func¬ 
tioning  of  the  human  organism  ? 

2.  Make  a  list  of  different  substances  contained  in  the  blood. 

3.  Why  are  the  glands  of  internal  secretion  so  important  ? 

4.  What  is  an  important  function  of  the  red  corpuscles?  of 
the  white  corpuscles  ? 

5.  Are  bacteria  plant  or  animal  parasites?  Are  protozoans? 

6.  Why  is  hookworm  disease  called  a  filth  disease? 

7.  What  is  a  toxin?  an  antitoxin?  What  supposition  under¬ 
lies  the  treatment  of  bacterial  diseases  by  the  use  of  antitoxins  ? 
How  is  the  antitoxin  for  diphtheria  produced  commercially  ? 

8.  What  evidence  is  there  that  alcohol  is  a  narcotic  and  tobacco 
a  stimulant  ? 
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Questions  for  Discussion 

1.  How  does  your  community  rank  in  health  in  comparison 
with  other  communities  ? 

2.  Should  you  agree  or  disagree  with  someone  who  said  that 
man  still  practices  many  of  the  healing  arts  today  which  were 
common  thousands  of  years  ago  ? 

3.  Do  you  think  that  the  process  by  which  antitoxin  is  pro¬ 
duced  from  healthy  animals  is  a  cruel  one  ? 

4.  Could  we  get  along  without  medicines  ?  Support  your  answer. 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Read  in  De  Kruif’s  Microbe  Hunters  the  stories  of  the  con¬ 
quest  of  malaria  and  of  yellow  fever.  Report  on  them  in  class. 

2.  See  what  you  can  find  out  about  the  life  and  work  of  some 
health  workers,  such  as  Robert  Koch,  Lord  Lister,  Hideyo 
Noguchi,  Edward  Trudeau,  and  William  Gorgas.  Write  short 
biographical  sketches  about  them. 

3.  Make  a  special  study  of  accidents  in  your  community. 
Which  are  the  most  common  ?  What  can  you  do  to  cut  down  the 
accident  rate  ?  How  does  the  accident  rate  of  today  compare  with 
that  of  ten  years  ago  ? 

4.  Are  people  today  still  superstitious  about  health  ?  Make  a 
list  of  superstitions  which  you  know  and  explain  why  you  think 
each  one  you  include  is  a  superstition  and  not  scientific  knowledge. 

5.  If  there  is  a  microscope  in  your  science  laboratory,  examine 
a  drop  of  blood  and  find  the  red  and  the  white  corpuscles. 

6.  Look  through  some  magazines  and  newspapers  and  see  how 
many  advertisements  appear  which  claim  that  certain  products 
have  value  as  medicine.  Check  radio  programs  for  a  week  and  see 
how  many  so-called  " remedies”  are  advertised  there.  To  what 
extent  are  these  advertisements  dishonest  ? 

7.  Make  a  list  of  medicines  known  to  have  value  as  cures. 

8.  Test  a  number  of  medicines  with  litmus  paper.  Which  ones 
are  acid,  which  are  alkaline,  and  which  are  neutral?  Dissolve  dry 
medicines  in  water  and  test  the  solution. 


Chapter  XXVII  •  How  does  Man  control  the 
Condition  of  the  Air  Indoors  ? 

How  well  do  you  recall  some  early  spring  days?  The 
sharp  chill  of  winter  is  gone.  The  temperature  may  range 
between  65°  and  75°.  The  rays  of  sunshine  once  more  seem 
warm  as  you  bask  in  them,  comfortable  and  content.  A 
gentle  breeze  may  be  blowing.  Such  a  day,  you  may  say, 
is  nearly  perfect.  It  is  neither  too  hot  nor  too  cold,  too 
dry  nor  too  damp. 

Why  does  such  a  day  seem  so  comfortable  ?  Among  other 
things  the  condition  of  the  air  seems  just  right.  Contrast 
such  a  day  with  one  in  hot  summer.  The  air  is  warm  and 
damp.  Every  piece  of  clothing  seems  moist.  It  is  an  effort 
to  move.  Not  a  bit  of  breeze  is  stirring.  Or  think  of  a  day 
in  winter.  Ice  is  thick  on  ponds  and  streams,  and  animal 
life  has  sought  shelter.  The  cold  seems  to  cut  to  the  bone. 

Because  of  these  contrasts  man  has  tried  in  many  ways 
to  maintain  indoors  through  winter  and  summer  the  condi¬ 
tions  similar  to  those  in  the  out-of-doors  on  a  pleasant 
spring  day.  Many  of  these  attempts  have  depended  upon 
the  use  of  machinery.  Let  us  see  what  we  can  find  out 
about  them. 

A.  How  do  People  affect  the  Air  in  which  they  Live  ? 

You  know  something  of  the  manner  in  which  air  is 
affected  by  the  people  in  it.  You  may  remember  that  three 
important  factors  must  be  considered : 

,  .  .  .  , i  .  i  ,  The  heat  produced 

temperature,  humidity,  and  the  percent-  by  bodily  processes 

age  of  various  gases  which  are  present,  affects  the  tem- 

Examine  the  effect  of  people  upon  these  perature  0  tie  air 

factors.  Heat  is  produced  within  the  body  as  foods  are 

used,  yet  the  temperature  of  the  body  remains  constant. 
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Fig.  363.  Forty  People  sitting  quietly  in  a  Classroom  will  give  off  Heat 
Enough  in  One  Hour  to  raise  the  Temperature  of  the  Room  about  Six 

Degrees 


Obviously  the  surplus  heat  must  escape.  Careful  studies 
have  shown  that  a  normal  person  reclining  quietly  in  bed 
releases  about  300  B.T.U.  per  hour  (75  kilogram-calories). 
In  a  sitting  position  about  384  B.T.U.  (96  kilogram- 
calories)  are  released.  Consider  the  heat  losses  from  the 
bodies  of  people  seated  in  a  room.  Can  you  recall  the  defi¬ 
nition  of  B.T.U.  ?  If  you  can,  you  know  that  384  B.T.U. 
represent  enough  heat  to  raise  the  temperature  of  384 
pounds  of  water  one  degree  Fahrenheit.  This  same  quantity 
of  heat  will  raise  one  degree  the  temperature  of  96  pounds 
of  air  (equivalent  to  about  1150  cubic  feet,  since  1  cubic 
foot  of  air  weighs  about  TV  pound).  A  classroom  for  forty 
people  contains  about  8000  cubic  feet.  A  simple  calculation 
based  on  these  figures  will  show  that  forty  people  will  give 
off  heat  enough  in  one  hour  to  raise  the  temperature  of  the 
air  in  such  a  room  about  six  degrees.  Fig.  363  shows  this 
in  vivid  fashion.  Normally,  however,  the  room  is  venti¬ 
lated  so  that  air  flowing  out  of  the  room  carries  the  heat 
away. 
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In  a  crowded  theater  the  problem  of  heat  control  is  not 
simple.  The  amount  of  heat  given  off  from  a  thousand 
people  seems  really  enormous.  Indeed  it  would  be  enough 
in  one  hour  to  raise  the  temperature  of  one  ton  of  water 
from  the  temperature  of  ice  to  the  temperature  of  boiling. 
Obviously  air  must  circulate  freely  through  such  a  crowded 
room  if  the  occupants  are  to  be  kept  comfortable. 

Now  consider  humidity.  You  know  that  water  enters 
the  air  from  the  skin  by  evaporation.  Normally  about  2 
quarts  of  water  pass  through  the  sweat  glands  in  twenty- 
four  hours,  or  at  a  rate  of  yV  quart  an  hour.  This  rate,  of 
course,  varies  with  temperature  and  amount  of  exercise. 
A  simple  calculation  shows  that  thirty-six  people  evaporate 
3  quarts  of  water  from  the  skin  in  an  hour. 

A  room  of  8000  cubic  feet  at  70°  F.  and  50  per  cent  rela¬ 
tive  humidity  contains  water  vapor  equivalent  to  about 
2  quarts  of  water.  You  may  check  this  The  humidity  of 
figure  by  the  information  in  the  table  you  air  is  affected  by 

.  ,  ,  .  .  ,  p  the  evaporation  of 

have  already  used,  showing  the  weight  of  water  from  the 

water  vapor  per  cubic  foot  when  the  space  hod? 
is  completely  saturated.  If  the  space  in  the  room  were 
completely  saturated  at  70°  F.,  it  would  hold  a  little  more 
than  4  quarts  of  water.  The  water  evaporated  from  the 
bodies  of  forty  people  in  one  hour  would  be,  therefore,  more 
than  enough  to  raise  the  humidity  from  50  to  100  per  cent 
in  a  room  of  8000  cubic  feet  capacity  at  a  temperature  of 
70°  F.  The  surplus  would  be  an  amount  equal  to  1  quart 
of  liquid.  In  this  small  room  it  would  be  easy  to  control 
this  extra  humidity,  for  air  circulating  through  the  room 
would  carry  the  water  vapor  away.  However,  it  is  not  so 
easy  in  a  large  crowded  room.  One  good  reason  for  ven¬ 
tilating  a  crowded  room  is  to  control  the  humidity. 

Now  consider  the  oxygen  content  of  the  air.  Normally 
(that  is,  at  rest)  we  require  about  1  pint  of  oxygen  each 
minute.  This  is  60  pints,  or  about  1  cubic  foot,  of  pure 
oxygen  in  one  hour.  Air,  as  you  know,  is  about  21  per  cent 
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oxygen.  In  a  room  of  8000  cubic  feet  capacity  there  are 
about  1680  cubic  feet  (21  per  cent  of  8000  equals  1680)  of 
oxygen.  Forty  people  would  use  only  about  40  cubic  feet 
of  oxygen  in  an  hour.  If  you  could  suppose  that  the  room 
is  tightly  sealed,  the  percentage  of  oxygen  would  be  reduced 
in  one  hour  by  only  a  very  small  amount. 

Would  this  change  have  any  effect  upon  comfort?  As 
one  molecule  of  oxygen  is  used  in  the  body,  one  molecule 
of  carbon  dioxide  is  produced.  Normally  8000  cubic  feet 
of  air  contain  about  3  cubic  feet  of  carbon  dioxide.  If  the 
room  is  sealed  with  forty  people  in  it,  the  room  will  contain 
at  the  end  of  one  hour  40  cubic  feet  more  of  carbon 
dioxide  and  40  cubic  feet  less  of  oxygen. 

How  does  this  change  affect  the  percentage  of  oxygen  in 
the  air  of  the  room  ?  By  removing  40  cubic  feet  the  total  is 
reduced  to  1640  cubic  feet.  The  percentage  is  now  20.5, 
since  1640  is  20.5  per  cent  of  8000.  In  other  words,  the 
presence  of  forty  people  in  this  tightly  sealed  room  for  one 
hour  will  reduce  the  percentage  of  oxygen  only  0.5  per  cent. 

Consider  now  the  percentage  of  carbon  dioxide.  It  is 
increased  from  3  to  43  cubic  feet.  At  the  end  of  one  hour  in 
this  tightly  closed  room  with  forty  people 
the  percentage  of  carbon  dioxide  would  be 
0.54  per  cent  (43  is  0.54  per  cent  of  8000). 
Fig.  364  illustrates  some  of  these  condi¬ 
tions.  Experiments  with  which  you  may 
be  familiar  have  shown  that  reducing  the  oxygen  content 
to  20.5  per  cent  and  at  the  same  time  increasing  the  car¬ 
bon  dioxide  content  to  0.5  (or  even  to  1  or  2)  per  cent  does 
not  noticeably  affect  the  feeling  of  comfort  of  people  in  the 
room. 

In  what  other  ways  may  the  air  in  the  room  be  affected  ? 
Among  forty  people  there  may  be  a  few  who  have  "bad 
breath/'  owing  to  bad  teeth  or  to  some  other  condition  of 
the  mouth  or  of  the  stomach  or  the  intestines.  The  odor 


Normal  changes  in 
the  oxygen  and 
carbon  dioxide 
content  of  air  have 
little  effect  upon 
bodily  comfort 
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Oxygen  content 
approximately 
21  per  cent 


Oxygen  content 
approximately 
20o5  per  cent 


Fig.  364.  Changes  in  the  Oxygen  and  Carbon  Dioxide  Content  of  Air  even 
in  a  tightly  Closed  Room  have  Little  Effect  upon  Bodily  Comfort 


of  bad  breath  comes  from  the  mouth,  not  from  the  lungs. 
There  may  be  some  who  are  careless  about  bathing  and 
who  carry  the  odor  of  perspiration  on  their  skin  and  cloth¬ 
ing.  The  odors  of  a  poorly  ventilated  room  come  chiefly 
from  these  two  sources.  In  addition  there  may  be  diseased 
persons  in  the  room ;  and  they  may,  as  they  cough,  sneeze, 
or  even  talk,  hurl  into  the  air  droplets  of  mucus  carrying 
bacteria. 

These  effects  are  produced  on  the  air  of  a  room  by  people. 
You  may  see  in  what  particulars  it  is  unlike  the  air  outdoors 
on  a  pleasant  day  in  springtime.  It  is  these  factors  affect¬ 
ing  the  air  that  we  attempt  to  control  by  ventilation.  Let 
us  see  now  how  these  things  are  controlled. 


B.  What  Effects  from  Heating  or  from  Cooling  Air 
are  related  to  Health  and  Comfort  ? 

If  the  outside  temperature  is  at  freezing,  we  appreciate 
a  warm  fire  indoors.  Before  the  heat  is  turned  on,  the  air 
indoors  is  similar  to  the  air  out  of  doors.  In  a  typical  con- 
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dition,  humidity  in  the  out-of-doors  may  be  60  per  cent  when 
the  temperature  is  at  82°  F.  You  may  see  from  a  table  show- 
.  .  .  ,  .  ing  the  weight  of  water  vapor  at  different 

heated,  its  humid-  temperatures  in  saturated  space  that  a 
ity  is  lowered  space  is  saturated  at  32°  F.  when  there 
are  2.113  grains  of  moisture  in  each  cubic  foot.  If  the 
space  is  60  per  cent  saturated,  it  contains  1.2678  grains 
of  moisture  per  cubic  foot  (60  per  cent  of  2.113  equals 
1.2678).  As  the  room  is  warmed,  the  temperature  rises 
to,  say,  70°  F.  Now  it  requires  7.980  grains  of  moisture 
to  saturate  1  cubic  foot  of  the  space  in  the  room.  But  the 
space  contains  only  1.2678  grains  of  moisture  per  cubic 
foot.  Therefore  it  is  but  15.9  per  cent  saturated.  In  other 
words,  the  effect  from  heating  in  this  illustration  is  to 
lower  the  humidity  from  60  per  cent  to  15.9  per  cent.  The 
air  in  heated  rooms,  when  no  moisture  is  added,  is  really 
very  dry.  Do  you  see  why  ? 

It  is  becoming  common  practice  to  cool  a  room  in  sum¬ 
mer,  just  as  it  is  common  practice  to  heat  it  in  winter.  How 
is  the  humidity  affected  by  cooling?  Suppose  it  is  a  hot 
day  with  the  temperature  at  98°  in  the  shade  and  with  the 
humidity  at  60  per  cent.  By  simple  calculation,  using  in¬ 
formation  from  a  humidity  table,  you  may  learn  that  a 
cubic  foot  of  space  contains  11.20  grains  of  water  vapor 
when  it  is  60  per  cent  saturated.  Suppose  this  air  is  cooled 
to  70°,  as  it  would  be  in  an  air-conditioned  motion-picture 
house.  Recall  that  1  cubic  foot  of  space  is  saturated  at  this 
temperature  with  7.98  grains  of  moisture.  Obviously  the 
surplus  must  precipitate,  or  condense.  As  it  is  cooled,  each 
cubic  foot  loses  about  3.22  grains  and  leaves  the  space 
saturated.  If  the  air  in  a  room  of  10,000  cubic  feet  were 
cooled  through  the  range  from  98°  to  70°,  it  would  lose 
32,200  grains  of  water.  This  is  nearly  5  pounds,  or  more 
than  \  gallon. 

There  are  two  other  things  that  should  be  mentioned 
for  their  effects  on  the  air  we  breathe.  These  are  poisonous 
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gases  and  dust.  Poisonous  gases  may  have  their  origins  in 
the  gas  that  is  used  for  cooking,  in  gases  that  escape  from 
the  furnace  in  the  house  or  the  furnace  of  a  near-by  factory, 
or  in  the  exhaust  gases  from  an  automobile.  Every  reason¬ 
able  precaution  should  be  taken  to  keep  the  poisons  out 
of  the  air.  Dust  is  always  present.  Effort  should  be  made 
to  keep  the  amount  as  small  as  possible. 

Keep  in  mind  now  the  many  things  that  must  be  taken 
into  account  in  ventilation  and  in  air-conditioning.  Let  us 
summarize  them  for  you.  The  people  in  a  room  give  off 
heat,  moisture,  and  odors.  For  comfort  the  people  demand 
a  temperature  of  about  70°,  and  the  most  desirable  hu¬ 
midity  is  60  per  cent.  As  air  is  warmed,  its  humidity  is 
decreased ;  and  as  it  is  cooled,  its  humidity  is  increased. 
Since  man  has  sought  to  control  the  features  of  his  environ¬ 
ment,  what  has  he  learned  about  controlling  the  condition 
of  the  air  in  which  he  lives  much  of  his  time,  that  is,  the 
air  indoors  ? 


C.  How  are  Houses  Heated? 


Heating  a  house  may  seem  a  rather  simple  thing  to  you. 
And  so  it  may  be  —  today.  But  the  fact  that  people  now 
may  sit  comfortably  in  well-heated  schools,  theaters, 
churches,  and  homes  is  but  additional  evidence  of  man's 
increasing  control  over  his  environment.  Fig.  365  shows 
some  steps  in  the  history  of  this  control.  Let  us  look  at 
some  simple  schemes  for  heating. 

You  may  at  some  time  have  stood  around  an  open  fire 
out  of  doors  or  in  front  of  an  open  fireplace.  You  know 
that  at  best  this  method  of  heating  is  not 
very  satisfactory;  for  as  you  may  have 
said,  you  roasted  one  minute  and  froze  the 
next.  Why  should  this  be?  Remember 
that  this  warmth  of  a  fire  gets  to  you 
chiefly  by  radiation  and  convection.  Heat,  as  you  may 
remember,  is  the  kinetic  energy  of  molecules.  Since  this  is 


The  heat  of  a  fire, 
which  is  really  the 
kinetic  energy  of 
molecules,  is  trans¬ 
ferred  mainly  by 
convection 


Fig.  365.  Modern  Methods  of  Heating  are  the  Result  of  Increasing 
Knowledge  and  Control 

How  many  of  the  methods  shown  above  do  we  use  today? 
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so,  it  follows  that  the  molecules  of  hot  gases  have  higher 
kinetic  energy  than  have  the  molecules  of  cool  gases.  You 
know,  too,  that  a  hot  object  gives  off  radiant  energy  and 
that  the  radiant  energy  produces  heat.  By  application  of 
this  knowledge  you  can  see 
that  when  you  stand  before 
a  fire  in  the  out-of-doors  or 
before  a  fireplace  you  are 
receiving  heat  mainly  from 
the  radiant  energy  of  the 
fire.  Why?  Look  at  Fig. 

366.  Convection  currents 
are  set  up  as  shown,  but  the 
heated  air  is  forced  upward 
until  it  is  lost  in  the  upper 
air.  Thus  the  heated  air  does  not  circulate  so  as  to  warm 
the  person  standing  near  the  fire.  With  a  fireplace  the 
heated  air  is  forced  up  the  chimney. 

How  does  a  stove  warm  a  room  ?  Fig.  365  shows  a  stove. 
The  less  dense  warm  air  is  forced  upward  by  the  more  dense 
cold  air.  Air  over  the  stove  is  least  dense,  so  the  force  of 
gravity  forces  air  to  flow  toward  the  stove  from  all  parts 
of  the  room.  If  there  is  no  loss  through  cracks  or  doors 
and  windows,  the  temperature  of  the  air  of  the  room  will 
rise  rapidly  as  the  air  flows  toward  the  . 
stove  and  upward.  A  stove  is  the  most  a  simple  means  of 
efficient  heater  in  the  sense  that  it  will  de-  lieating  a  room 
liver  more  heat  to  the  room  from  a  pound  of  coal  than  any 
other  heater  in  common  use.  The  difficulty,  however,  is 
that  it  heats  satisfactorily  only  one  room.  As  houses  grew 
larger,  other  ways  of  heating  had  to  be  found. 

The  simplest  type  of  furnace  used  is  the  hot-air  furnace. 
This  is  similar  to  a  stove.  In  Fig.  367  you  see  a  cross 
section  of  such  a  plant.  Notice  the  space  round  the  fire 
box.  The  heat  of  the  fire  warms  the  air  in  this  space, 
causing  the  air  to  expand.  Notice,  too,  the  pan  of  water 
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Fig.  367.  The  Operation  of  the  Hot-Air  Furnace  is  based  upon  the 
Principles  of  Convection 


to  supply  moisture  to  the  heated  air.  In  one  type  of  furnace 
the  heated  air  flows  to  various  parts  of  the  house  through 
a  system  of  pipes ;  in  another  type  the  top  of  the  hot-air 


space  is  placed  level  with  the 


Fig.  368.  Convection  Currents  in 
Water  distribute  Heat  through  the 
Radiators  of  a  Hot-Water  Heater 


floor  of  a  room  on  the  ground 
floor  of  the  house,  and  the 
heated  air  flows  into  the 
room  and  circulates  through 
the  entire  house.  While  this 
type  of  furnace  has  certain 
advantages,  they  are  out¬ 
weighed  by  definite  disad¬ 
vantages,  especially  in  a  large 
house.  The  heated  air  cools 
very  rapidly  as  it  leaves  the 
hot-air  box,  with  the  result 
that  upper-floor  rooms  are 
cold.  Then,  too,  the  registers 
through  which  the  heated  air 
reaches  the  room  furnish  ex¬ 
cellent  openings  for  dust  and 


Convection  cur¬ 
rents  in  water 
distribute  heat 
through  the  radi¬ 
ators  of  a  hot-water 
heater 
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dirt.  In  spite  of  these  disadvantages,  however,  many  such 
plants  are  still  in  use,  since  they  are  both  economical  and 
simple  to  operate. 

Another  system  is  of  the  hot-water  type,  as  shown  in 
Fig.  368.  Here  the  furnace,  instead  of  heating  air,  heats 
water.  The  hot  water  is  less  dense  than 
cold  water,  so  the  hot  water  is  forced  up¬ 
ward  and  into  the  radiators  by  the  denser 
cold  water  that  flows  to  the  furnace 
through  the  return  pipe.  Heat  keeps  the 
water  flowing  through  the  radiators  as  convection  currents 
rise.  The  pipes  lead  to  radiators  in  the  various  rooms.  A 
radiator,  usually  made  of 
iron,  offers,  as  you  can  see 
from  the  cross  section  in 
Fig.  369,  a  large  area  of 
heating  space.  As  the  hot 
water  flows  through  the 
radiator,  heat  is  trans¬ 
ferred  by  conduction,  is 
radiated  into  the  room, 
and  is  carried  around  it 
by  convection  currents. 

Certain  precautions  are  necessary  with  this  type  of 
furnace.  Obviously  water  must  be  provided  at  all  times. 
Moreover,  if  the  fire  gets  too  hot,  the  water  changes  to 
steam.  Notice  that  in  Fig.  368  a  box  called  an  expansion 
tank  is  shown  in  the  attic.  As  the  water  is  heated,  it  ex¬ 
pands.  The  expansion  tank  is  connected  with  the  pipes.  As 
the  water  expands,  the  extra  water  flows  into  the  tank. 

There  is  still  one  other  common  system  of  heating,  shown 
in  Fig.  370.  We  refer  of  course  to  steam  heat.  The  furnace 
used  here  is  of  a  slightly  different  type.  It  resembles  the 
boiler  of  an  engine.  In  practice  this  boiler  generates,  or  pro¬ 
duces,  steam.  The  cold  radiator,  full  of  air,  is  warmed  as 
steam  from  the  boiler  forces  the  air  out  through  a  valve. 


Fig.  369.  A  Radiator  is  so  constructed 
as  to  offer  a  Large  Area  of  Heating 
Space 


The  principle  of 
the  thermostat  is 
explained  by  the 
different  rates  of 
expansion  of  dif¬ 
ferent  metals 
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Today  many  homes  are  equipped  with  furnaces  which 
seem  almost  automatic.  The  drafts  are  controlled  by  a 
thermostat  which  opens  the  draft  as  the 
house  gets  cooler  and  closes  the  drafts  as 
the  house  gets  warmer.  Fig.  371  shows 
the  structure  of  a  thermostat.  The  bar 
within  it  responds  to  changes  in  tempera¬ 
ture.  This  bar  is  made  by  fastening  together  strips  of  two 
different  metals.  Metals  expand  and  contract  when  heated 

and  cooled.  Two  metals  are 
chosen  that  do  not  expand 
and  contract  at  the  same 
rate.  You  may  illustrate  this 
with  a  compound  bar  like  the 
one  shown  in  Fig.  372.  It  is 
really  a  bar  of  iron  welded 
to  a  bar  of  copper.  Copper 
expands  more  than  iron. 
When  the  compound  bar  is 
heated,  it  curves  with  the 
copper  on  the  outside  of 
the  curve.  As  it  is  cooled, 
the  curve  straightens.  In  the 
curved  bar  of  the  thermostat 
the  metal  on  the  outside  of 
the  curve  changes  more  for 
an  equal  change  in  temper¬ 
ature  than  does  the  metal  on 
the  inside  of  the  curve.  Thus  it  pushes  the  straight  bar 
toward  the  left  as  it  is  warmed,  and  toward  the  right  as 
it  is  cooled. 

A  thermostat  is  sensitive  to  small  changes  in  tempera¬ 
ture,  as  you  can  find  out  by  some  simple  experiments.  The 
one  shown  in  Fig.  371  is  connected  to  a  battery  and  a  motor. 
When  the  room  has  cooled  to  the  temperature  for  which  the 
thermostat  is  set,  the  straight  bar  touches  the  point  on  the 


Fig.  370.  In  the  Steam-Heating 
Plant,  Steam  carries  Heat  to  the 
Radiators 

What  are  the  essential  differences  be¬ 
tween  such  a  system  and  a  hot-water 
system  ? 
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left.  This  contact  carries  current  through  the  motor  and 
opens  the  draft  of  the  furnace.  As  the  room  gets  warmer, 
the  curved  bar  pulls  the  straight  bar  to  the  right.  When 
the  contact  is  made,  it 
again  turns  the  current 
through  the  motor,  but 
this  time  in  such  a  way 
that  the  motor  closes  the 
draft  of  the  furnace.  In 
other  words,  the  thermo¬ 
stat  causes  the  draft  to 
open  and  close  in  order 
to  keep  the  room  at  the 
proper  temperature. 

During  the  day  you 
may  keep  the  thermostat 
set  for  68°.  Ordinarily 
you  do  not  wish  to  keep 
the  house  so  warm  through 
the  night,  50°  probably 
being  as  much  as  desired. 

A  clock  attached  to  the 
thermostat  may  be  set  so 
that  just  before  getting- 
up  time  it  will  set  the 
thermostat  back  to  68°. 

In  a  modern  oil-burning 
furnace  this  change  will 
turn  fuel  into  the  furnace 
and  set  the  drafts.  By 
getting-up  time  the  house 
will  be  comfortably  warm. 

This  little  control  has  added  enormously  to  man's  comfort. 

Now  consider  the  fuels  used  for  heat.  Most  common,  of 
course,  is  coal.  Another  type  of  fuel,  however,  is  rapidly 
coming  into  use.  Many  homes  are  now  equipped  with 


Fig.  371.  A  Thermostat  applies  the 
Principles  of  a  Compound  Bar  for  the 
Automatic  Regulation  of  Temperature 

Can  you  now  explain  how  a 
thermostat  works? 
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Ewing  Galloway 

Fig.  372.  A  Compound  Bar  may  be  used  to  illustrate  the  Different  Rates 
of  Expansion  of  Different  Metals 


Why  should  a  bar  (a)  bend  (6)  when  heated  for  less  than  a  minute  ? 


oil-burners,  which  use  a  heavy  and  comparatively  cheap 
type  of  fuel  oil.  The  machines  are,  in  general,  of  two 

Several  different  In  0ne  <See  373 ’  «)  the  oil  is 

types  of  fuel  are  changed  into  vapor  and  fed  through  a 

used  for  heating  gUn  nozzle.  In  the  other  type  (see  Fig. 
373,  b )  the  oil  is  fed  to  a  rotating  plate  which  throws  the 
oil  in  a  circle  around  the  fire  box. 

In  any  form  of  heating,  convection  currents  distribute 
the  heat.  The  walls  of  houses  are  not  air-tight;  so  con¬ 
vection  currents  seep  through.  The  force 
of  the  currents  in  a  particular  house  de¬ 
pends  most  upon  the  difference  in  tem¬ 
perature  between  the  air  indoors  and 
that  outdoors.  Ventilating  engineers  have 
figured  from  measurements  the  rate  at 
which  air  passes  through  the  walls  of  a  house  under  varying 
conditions.  How  fast  do  you  think  air  changes  in  an 
ordinary  well-built  house  when  the  temperature  indoors  is 


In  the  ordinary 
house  the  air 
changes  rapidly  in 
the  cold  weather 
because  of  leaks 
through  the  walls 
and  through 
crevices 
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Fig.  373.  In  General,  Oil-Burners  are  of  Two  Types,  (a)  the  Spray  and 
( b )  the  Rotary 

What  are  the  essential  differences  between  these  two  types? 


70°,  the  temperature  outdoors  is  0°,  and  doors  and  windows 
are  tightly  closed?  According  to  estimates  air  passes 
through  walls  and  crevices  of  an  ordinary  well-built  house 
fast  enough  to  accomplish  a  complete  change  of  air  every 
hour. 

It  is  comparatively  easy  to  heat  the  air,  but  heating 
alone  does  not  make  the  air  of  a  cold  winter  day  like  the 
air  of  a  pleasant  spring  day.  As  you  have  already  learned, 
the  humidity  of  heated  air  is  often  below  the  standard 
recognized  as  best  for  health  and  comfort.  This  condition 
presents  another  problem. 


D.  How  is  Humidity  controlled  in  Winter? 

The  general  principles  of  humidity  control  are  simple 
enough,  but  the  practical  difficulties  are  not  easy  to  over¬ 
come.  Consider,  for  example,  an  ordinary  six-room  house 
of  10,000  cubic  feet  capacity.  Earlier  in  this  chapter  you 
learned  that  heating  air  of  60  per  cent  humidity  from  freez- 


The  lowering  in 
humidity  due  to 
overheating  is.  so 
great  that  it  cannot 
be  restored  by 
simple  methods 
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ing  (32°)  to  70°  lowers  the  humidity  to  15.9  per  cent.  How 
much  water  would  be  required  to  raise  it  again  to  60  per 
cent?  Air  at  70°  and  of  15.9  per  cent  hu¬ 
midity  contains  1.269  grains  of  water  vapor 
per  cubic  foot.  For  convenience  let  us 
say  1.3.  Air  at  70°  and  of  60  per  cent 
humidity  contains  about  4.8  grains  of 
water  vapor  per  cubic  foot.  To  raise  the  humidity  from 
15.9  per  cent  to  60  per  cent  requires  therefore  the  addi¬ 
tion  of  3.5  grains  of  water  to  each  cubic  foot  if  the  tem¬ 
perature  is  kept  at  70°.  When  the  temperature  outdoors 
is  at  0°,  the  air  in  an  ordinary  well-built  house  will  change, 
as  you  will  recall,  once  an  hour.  Let  us  suppose  that  with 
an  outdoor  temperature  of  32°  and  an  indoor  temperature 
of  70°  the  air  in  the  house  will  change  once  in  two  hours. 
In  this  case  120,000  cubic  feet  of  air  will  pass  through  a 
house  of  10,000  cubic  feet  capacity  during  a  day.  For  each 
cubic  foot,  3.5  grains  of  water  are  required  to  raise  the 
humidity  from  15.9  per  cent  to  60  per  cent.  This  is  420,000 
grains  of  water,  equal  to  60  pounds,  or  about  7 Jr  gallons. 
The  practical  difficulties  connected  with  evaporating 
7J  gallons  of  water  in  a  day  are  considerable. 

You  may  see  from  these  facts  the  uselessness  of  placing 
a  pan  of  water  on  the  radiator.  The  so-called  humidifiers 
sometimes  used  as  attachments  to  radiators  and  hot-air 
furnaces  are  equally  useless.  At  best  not  more  than  a  few 
quarts  a  day  will  evaporate  from  them. 

There  are  other  practical  difficulties.  Suppose  you  could 
cause  enough  water  to  evaporate  to  bring  the  humidity  up 
to  60  per  cent,  that  is,  up  to  4.8  grains  per  cubic  foot. 
What  are  some  of  the  things  that  would  happen?  The 
temperature  through  the  house  is  not  uniform.  The 
windows  and  outside  walls  are  colder  than  the  inside  walls. 
If  air  with  4.8  grains  of  moisture  per  cubic  foot  were  cooled 
to  50°,  some  of  the  moisture  would  precipitate.  Under 
normal  conditions  of  winter  the  windows  and  outside  walls 
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might  be  at  this  temperature  or  lower.  Therefore  moisture 
would  form  on  windows  and  walls  and  probably  do  damage 
to  woodwork  and  plaster.  In  houses  as  they  are  commonly 
built  the  practical  difficulties  associated  with  maintaining 
proper  humidity  seem  almost  impossible  to  overcome. 


E.  How  are  Temperature  and  Humidity  controlled 
in  Summer? 

On  a  hot  day  in  summer,  when  the  temperature  is,  say, 
98°  and  the  humidity  at  60  per  cent,  we  find  ourselves  very 
uncomfortable.  It  is  easy  to  see  why.  The  temperature 
of  the  air  and  the  temperature  of  our  bodies  are  nearly 
the  same,  but  even  while  at  rest  we  must  get  rid  of  at  least 
384  B.T.U.  (96  kilogram-calories)  an  hour.  Yet  we  may 
step  into  an  air-conditioned  theater  and  find  conditions 
entirely  comfortable.  How  are  the  conditions  controlled? 

In  common  practice  air  is  forced  into  the  theater  through 
cooling  coils  like  those  used  in  refrigeration.  You  know 
that  evaporation  has  a  cooling  effect.  For  cooling  these 
coils  a  liquid  which  readily  changes  to  vapor,  usually  am¬ 
monia,  is  used.  At  ordinary  temperature,  say  70°,  and  at 
normal  atmospheric  pressure  ammonia  is  a  gas. 

One  part  of  the  cooling  apparatus  consists  of  a  mecha¬ 
nism  for  compressing  ammonia.  As  the  ammonia  is  com¬ 
pressed,  it  gets  hot.  A  second  part  of  the 
apparatus  is  a  mechanism  for  cooling  the 
compressed  ammonia.  This  may  be  done 
by  pouring  cold  water  over  the  pipes  in 
which  the  ammonia  is  inclosed.  A  third  part  is  a  mechan¬ 
ism  in  which  the  compressed  ammonia  is  allowed  to  ex¬ 
pand.  As  it  expands,  it  takes  up  from  the  surrounding 
region  just  as  much  heat  as  was  carried  away  by  the  run¬ 
ning  water.  If  this  heat  is  taken  from  the  air  in  the  room, 
the  air  is  cooled  in  the  process.  Let  us  examine  this  cool¬ 
ing  unit,  as  shown  in  Fig.  374,  in  a  little  more  detail. 


The  temperature 
of  a  gas  rises  when 
the  gas  is  com¬ 
pressed 
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Fig.  374.  The  Operation  of  Commercial  Air-Conditioning  Plants  may  be 
explained  through  the  Principle  that  the  Temperature  of  a  Gas  rises  when 
the  Gas  is  Compressed 


Suppose  the  ammonia  at  normal  air  pressure  of  15 
pounds  per  square  inch  is  sent  through  a  compressor  and 
put  under  a  pressure  of  150  pounds  per  square  inch.  The 
volume  of  the  gas  is  greatly  reduced  by  the  pressure.  Re¬ 
call  again  that  heat  is  the  kinetic  energy  of  moving  mole¬ 
cules.  If  a  given  amount  of  heat  is  brought  into  a  smaller 
volume,  the  temperature  in  the  smaller  volume  must  be 
raised.  Do  you  see,  then,  why  a  gas  gets  hot  as  it  is  com¬ 
pressed  into  a  smaller  volume? 

As  a  matter  of  fact,  the  gas  would  get  extremely  hot  if 
it  were  quickly  compressed  from  a  pressure  of  15  pounds  to 
150  pounds.  In  practice  it  is  compressed  slowly,  and  the 
heat  that  is  released  is  carried  away  in  running  water. 

Ammonia  is  much  used  as  a  refrigerating  agent  because 
it  changes  to  a  liquid  at  a  pressure  of  about  150  pounds 
and  at  a  temperature  of  about  70°  F.  As  it  changes  to  a 
liquid,  each  gram  of  it  loses  about  300  gram-calories  of 
heat.  Other  gaseous  substances  behave  like  ammonia. 
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By  compression  and  cooling,  a  large  amount  of  energy 
in  the  form  of  heat  has  been  removed  from  the  ammonia. 
Heat  has  been  carried  away  in  running  water,  and  the 
ammonia  is  now  in  liquid  form.  It  is  inclosed  in  pipes,  and 
the  pressure  on  it  may  be  150  pounds  per  square  inch  at  a 
temperature  of  70°  F. 

The  liquid  may  be  pumped  along  in  the  pipes  to  any 
position  in  which  it  is  to  be  used.  Suppose  it  is  sent  to  the 
cooling  coils  of  a  large  air-conditioning 
apparatus,  such  as  the  one  shown  in  com^sedVnd 
Fig.  374.  In  these  coils  the  pressure  is  cooled,  and  again 

.  .  .  .  ,  .  ,  allowed  to  expand, 

reduced,  and  ammonia  begins  to  evapo-  it  takeS  up  heat 
rate.  As  it  changes  from  a  liquid  to  a  gas,  (rom  fhe  surround- 
each  gram  of  the  ammonia  takes  up  just 
as  much  heat  as  it  lost  in  changing  from  gas  to  liquid. 
This  amount,  you  will  recall,  was  about  300  gram-calories 
per  gram.  This  heat  is  removed  from  the  air  surrounding 
the  coil.  The  ammonia  takes  up  the  heat  from  the  space 
to  be  cooled.  As  the  ammonia  is  forced  along  through  the 
compressor  and  cooling  mechanism,  the  heat  it  gathered  is 
carried  away  by  running  water,  and  the  cooling  agent  is 
again  reduced  to  a  liquid.  Thus  ammonia  takes  heat  from 
the  air  of  an  air-conditioned  room  and  releases  it  to  running 
water. 


F.  What  are  the  Possibilities  of  Air-conditioning  ? 

We  have  reviewed  now  all  the  important  factors  in¬ 
fluencing  the  conditions  of  indoor  air,  and  we  have  reviewed 
the  principles  that  may  be  applied  in  accomplishing  control 
of  these  factors.  It  seems  possible  to  maintain  indoors 
through  the  cold  of  winter  and  the  heat  of  summer  condi¬ 
tions  similar  to  those  in  the  out-of-doors  on  a  pleasant 
spring  day.  It  is  done  in  some  railroad  cars,  in  theaters, 
and  in  some  other  structures.  It  seems  likely  that  a 
development  lying  just  ahead  is  the  application  of  air- 
conditioning  to  homes.  But  before  air-conditioning  can 
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Fig.  375.  Why  is  Complete  Air-Conditioning  Possible  in  a  House  con¬ 
structed  as  in  A,  but  Impossible  in  a  House  constructed  as  in  B? 


become  practical  for  homes,  a  new  type  of  construction 
must  be  used  in  home-building.  Perhaps  Fig.  375  will 
show  why  this  is  necessary. 

The  air-conditioned  home  must  be  built  so  that  it  is 
nearly  air-tight  when  doors  are  closed.  Windows  will  be 
sealed  and  used  only  for  light.  The  walls  can  be  made  of 


By  the  present 
method  of  con¬ 
structing  homes 
air-conditioning  is 
made  an  imprac¬ 
ticability 
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sheet  metal  with  all  joints  welded.  In  an  ordinary  house, 
as  you  will  recall,  there  may  be  a  complete  change  of  air 
every  hour  when  it  is  severely  cold  outside. 

In  a  house  of  sheet  metal  there  would  be 
no  noticeable  loss  of  air  by  convection,  for 
air  cannot  pass  through  the  walls.  What 
about  loss  by  radiation  ?  Metals  are  good 
conductors  of  heat,  so  there  would  be  loss  by  conduction 
and  radiation  unless  provisions  were  made  to  prevent  it. 
Loss  from  this  source  would  be  reduced  considerably  through 
the  use  of  double  walls.  There  might  still  be  loss  from 
conduction  and  radiation  through  the  glass  of  the  windows. 
As  a  result  vapor  would  form  on  the  inside  of  the  glass 
during  cold  weather  and  on  the  outside  during  hot  weather. 
Do  you  see  why  ?  To  prevent  this  loss  of  heat  and  at  the 
same  time  to  prevent  the  fog  on  the  windows,  double 
windows  with  air  space  between  them  would  be  used.  Why 
would  this  help,  do  you  think? 

In  such  a  structure  air-conditioning  would  be  a  relatively 
simple  matter.  In  winter,  air  would  enter  through  hot 
steam  pipes  which  would  raise  the  temperature  to  the  de¬ 
sired  point.  The  air  could  then  be  passed  through  a  spray 
of  water,  which  would  contribute  the  moisture  necessary 
to  maintain  proper  humidity.  At  the  same  time  it  could 
be  passed  through  a  filter  that  would  remove  most  of  the 
dust.  A  fan  might  be  used  to  circulate  the  air  about  the 
room.  The  conditioned  air  is  not  allowed  to  escape.  True, 
it  gathers  the  heat  as  well  as  the  odors  released  from  the 
bodies  of  people  in  the  house,  and  the  gases  released  from 
the  cooking  of  food  and  from  respiration.  But  in  air- 
conditioning,  these  objectionable  features  are  removed 
by  washing  the  air  with  water. 

A  picture  of  a  house  designed  for  the  new  age  is  shown 
in  Fig.  376.  The  walls  may  be  made  of  welded  sheets  of 
iron  or  aluminum  and  be  reenforced  with  concrete.  This 
house  is  insulated  so  as  to  keep  out  the  heat  of  summer 
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Fig.  376.  Air-conditioning  may  be  as  Common  in  Houses  designed  for  the 
New  Age  as  Heating  is  in  the  House  of  Today 

Should  you  like  to  live  in  such  a  house?  Why? 

and  the  cold  of  winter.  The  insulation  also  prevents  noises 
from  entering,  thus  relieving  nervous  strain.  Since  it  is 
Newer  methods  of  air-conditioned,  no  screens  are  necessary, 
building  may  open  for  the  windows  are  never  opened.  The 

new  possibilities  .  .  ,  «  «  ,  .  „  , 

for  advance  in  house  is  nearly  free  from  dust,  for  only 

air-conditionmg  filtered  air  enters  it.  The  " parts”  of  such 
houses  will  be  built  in  factories  and  be  shipped  to  the  place 
where  the  house  is  to  be  set  up.  It  will  be  assembled  by 
putting  the  parts  together.  Such  developments  as  these 
are  without  doubt  possible,  and  we  shall  certainly  see  a 
rapid  expansion  of  the  air-conditioning  industry. 

How  will  air-conditioning  affect  health?  In  the  United 
States  it  probably  is  not  important  for  health,  although  it 
may  be  more  important  than  is  now  realized.  We  want  it 
for  comfort.  We  want  our  houses  so  that  when  we  go  indoors 
in  winter  we  may  be  comfortably  warm  and  so  that  when 
we  go  inside  in  summer  we  can  be  comfortably  cool. 
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It  may  be  interesting  to  consider  what  influence  air- 
conditioning  may  have  on  civilization  in  the  tropics. 
Regions  suitable  for  rich  agricultural  development  are  at 
present  undeveloped  because  of  the  heat.  Suppose  it  were 
possible  to  go  inside  and  get  cool,  just  as  it  is  now  possible  to 
go  inside  in  the  North  and  get  warm.  With  air-conditioning 
and  the  applications  of  sanitation  the  torrid  zone  might  be 
less  objectionable  as  a  place  of  residence.  Perhaps  there 
are  new  frontiers  in  many  lands  now  thought  uninhabitable. 


Three  factors — temperature,  humidity,  and  the  percentage  of 
certain  gases  present — influence  the  condition  of  air.  These 
factors  are  controlled  by  air-conditioning. 


Can  You  Answer  these  Questions? 

1.  What  important  conditions  of  the  air  must  be  considered  in 
deciding  whether  it  is  satisfactory  for  comfortable  living  ?  What 
effect  do  people  have  upon  these  conditions  ? 

2.  Why  is  the  air  in  homes  in  winter,  even  though  warmed, 
often  unsatisfactory  for  comfortable  living?  What  can  be  done 
about  it  ? 

3.  How  does  raising  or  lowering  the  temperature  of  air  affect 
its  humidity  ? 

4.  What  is  the  relationship  between  the  kinetic  energy  of 
molecules  and  heat  ? 

5.  How  may  we  apply  the  principle  of  convection  currents  to 
explain  the  operation  of  hot-air,  hot-water,  and  steam-heating 
plants  ? 

6.  How  may  the  operation  of  a  thermostat  be  explained  ? 

7.  What  are  some  of  the  practical  difficulties  which  make  full 
air-conditioning  of  the  ordinary  home  almost  impossible  at  the 
present  time  ? 

8.  What  principle  concerning  the  action  of  gases  under  pressure 
may  be  used  to  explain  the  action  of  commercial  air-conditioning 
plants  ? 
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Questions  for  Discussion 

1.  Does  an  electric  fan  really  cool  the  air? 

2.  Why  does  frost  seldom  form  on  double  windows  ? 

3.  Which  should  you  say  is  the  most  important  factor  in  pro¬ 
viding  comfortable  air  conditions  in  a  home :  temperature,  hu¬ 
midity,  oxygen  content  of  the  air,  or  carbon  dioxide  content  of 
the  air? 

4.  Many  people  believe  that  a  hot-water  heating  plant  is  better 
than  a  steam -heating  plant  for  providing  satisfactory  heat.  What 
do  you  think  about  it  ?  What  are  the  merits  of  each  ? 

5.  What  are  the  relative  advantages  and  disadvantages  of  coal 
and  oil  as  fuels  ? 

6.  Do  you  think  that  a  small,  portable  air-conditioning  plant 
for  single-room  use  is  satisfactory  as  a  means  of  providing  com¬ 
fortable  air  conditions? 

7.  What  do  you  think  the  possibilities  are  for  air-conditioning 
in  the  tropics  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Investigate  your  home  or  school  heating  systems  and  show 
by  diagrams  how  heat  reaches  the  various  parts  of  the  building. 

2.  Pretend  that  you  are  an  oil-burner  or  air-conditioning-plant 
salesman.  Get  your  facts  together  and  give  a  sales  talk  to  your 
classmates.  Be  sure  your  talk  is  of  the  scientific  type. 

3.  The  cooling  principles  described  in  connection  with  air- 
conditioning  plants  are  also  used  in  electric  refrigerators.  Make  a 
study  of  these  and  explain  their  operation  by  means  of  an  illus¬ 
trated  lecture. 

4.  Read  again  some  story  of  life  in  hot  tropical  lands  and  try 
to  explain  how  differently  the  story  would  have  been  written  had 
the  homes  in  the  region  been  air-conditioned. 

5.  See  if  you  can  hook  up  a  compound  bar,  two  dry  cells,  and 
an  electric  bell  in  such  a  way  as  to  demonstrate  the  principles 
of  a  thermostat. 


Chapter  XXVIII  •  How  is  the  Health  of  the 
Community  Controlled? 

How  well  do  you  know  your  own  community,  especially 
with  reference  to  the  manner  in  which  it  protects  the 
health  of  its  citizens?  Perhaps  a  few  suggestions  may 
provide  the  starting  point  for  study  and  discussion.  Do 
you  have  the  facts  which  would  enable  you  to  answer 
satisfactorily  the  following  questions  ? 

How  well  do  we  control  contagious  diseases  ? 

What  rules  and  regulations  do  we  have  for  the  protection  of 
water  and  food  supplies  ? 

How  sanitary  are  our  methods  for  disposing  of  garbage  and 
sewage  ? 

Do  we  maintain  laboratories  in  which  studies  and  experiments 
may  be  carried  on  to  further  health  protection  ? 

Do  we  spend  any  money  for  the  health  training  of  our  people  ? 

Do  we  have  a  satisfactory  system  for  recording  births  and 
deaths  ? 

How  does  our  community  compare  with  other  communities  in 
its  death  and  illness  rates  ? 


Can  you  answer  these  questions?  Do  you  think  that 
they  are  sufficiently  important  for  you  to  spend  some  time 
on  them?  Perhaps  you  and  your  teacher  can  work  out  a 
plan  for  gathering  information  concerning  them. 

Notice  that  in  each  case  we  have  used  the  word  we 
rather  than  it  or  the  community .  What  we  are  trying  to 
suggest  is  that  every  individual  in  a  com¬ 
munity  has  a  responsibility  for  seeing  that 
satisfactory  standards  of  health  protec¬ 
tion  are  maintained.  The  reasons  for  this 
suggestion  are  easy  to  see.  In  matters  of 
health  we  depend  in  many  ways  upon  the  community  in 
which  we  live.  In  a  large  city  we  do  not  know  where  our 
food  comes  from  or  the  conditions  under  which  it  was  pro- 
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dividual  as  well  as 
upon  organized 
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duced.  As  individuals  we  cannot  control  the  water  supply, 
nor  can  we  alone  take  care  of  garbage  or  sewage  disposal. 
These  and  many  other  matters  of  health  and  sanitation  are 
controlled  not  by  individuals  working  alone  but  by  the 
individuals  of  a  community  working  together.  Because  of 
the  many  things  to  be  done,  nearly  every  community  main¬ 
tains  a  board  of  health.  We  depend  upon  the  members  of 
such  a  board  to  use  the  authority  of  law  in  the  enforcement 
of  such  measures  as  are  necessary  for  the  protection  of  our 
health.  But  as  individuals  we  may  cooperate  and  make 
their  work  more  effective.  And  it  is  the  right,  in  fact  the 
duty,  of  every  person  to  demand  that  public  officers  live 
up  to  their  responsibilities. 

Obviously,  community  sanitation  is  extremely  impor¬ 
tant.  If  there  were  no  control,  we  might  without  our  knowl¬ 
edge  purchase  foods  that  were  poisonous.  Besides,  sewage 
carrying  germs  of  disease  might  get  into  our  water  supply 
and  cause  the  spread  of  dangerous  diseases  through  the 
community.  These  possibilities  suggest  some  of  the  prob¬ 
lems  associated  with  maintaining  the  health  of  the  com¬ 
munity.  There  are  many  others.  Let  us  see  the  relationship 
of  science  to  some  of  them. 


A.  How  is  the  Food  Supply  Controlled? 

When  you  visit  a  meat  market  again,  see  if  you  can  find 
any  evidences  of  the  work  of  health  officers.  Some  indica- 
T  „  „  tions  of  such  work  are  obvious.  Notice 

aid  in  preserving  that  the  meat  is  displayed  under  glass,  as 
food  shown  in  Fig.  377.  Flies  and  other  insects 

cannot  get  to  it.  Careless  customers  cannot  touch  it.  Cool¬ 
ing  coils  extend  through  the  case  and  keep  the  meat  always 
cold.  Perhaps  the  butcher  may  let  you  go  into  his  storage 
rooms.  There  you  will  see  beef  and  pork  kept  under  such 
conditions  as  will  guarantee  their  being  suitable  for  human 
use.  You  would  not  stay  long  in  this  room,  for  its  tempera- 
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Fig.  377.  The  Modern  Meat  Market  preserves  its  Food  by  the  Application 
of  Scientific  Principles 


What  evidences  of  this  do  you  see  in  the  picture  ? 

ture  is  just  about  32°  F.  The  problems  of  preserving  food 
are  not  simple.  Conditions  satisfactory  for  beef  are  not 
satisfactory  for  fish,  for  fish  must  be  kept  at  a  colder  tem¬ 
perature.  Oysters,  clams,  and  other  sea  food  must  be  kept 
under  still  other  conditions.  Careful  studies  have  been 
made  to  determine  conditions  under  which  meats  and  other 
foods  should  be  kept.  Regular  inspection  by  a  health 
officer  guarantees  that  these  conditions  are  maintained. 

Why  are  such  precautions  taken  ?  Meats  left  exposed  to 
warm  temperatures  soon  spoil,  chiefly  because  of  the  action 
of  bacteria  and  other  fungus  plants,  including  yeasts  and 
molds.  These  organisms  develop  from  tiny  spores  which 
are  carried  by  the  air.  They  may  settle  on  the  meat,  on 
which  they  grow  and  from  which  they  take  food.  As  they 
feed  upon  the  meat,  they  cause  it  to  spoil.  As  it  spoils, 
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poisonous  substances  with  foul  odors  are  produced. 
Dangerous  consequences  may  follow  eating  spoiled  meat. 
At  the  temperature  of  the  storage  rooms,  however,  these 
fungi  do  not  grow,  and  the  meat  remains  fresh  indefinitely. 
Striking  observations  of  the  effectiveness  of  cold  in  pre¬ 
serving  meats  have  been  made  in  the  discovery  of  animals 

found  frozen  in  the  ice 
of  the  Far  North  (see 
Fig.  378).  Here  ani¬ 
mals  killed  by  acci¬ 
dent  have  been  found 
frozen  in  the  ice,  where 
they  have  been  for  as 
long  as  several  thou¬ 
sand  years.  Yet  their 
flesh  was  in  about  the 
same  condition  as 
when  the  animal  was 
killed. 

The  work  of  health 
officers  began  long  be¬ 
fore  the  foods  reached 
your  market.  If  you 
will  examine  the  beef, 
pork,  and  mutton 
hanging  in  the  stor¬ 
age  room,  you  will  see  that  they  are  all  plainly  stamped 
"U.S.  Inspected  and  Passed.”  What  does  this  mean? 

Farm  animals  were  shipped  alive  to  one  of  our  larger 
cities.  When  the  animals  were  killed,  a  government  in¬ 
spector  was  at  hand  to  see  that  they  were  healthy.  Beef 
cattle  were  inspected  especially  for  tuberculosis.  Pork  was 
inspected  for  an  infection  known  as  trichinosis.  This  dis¬ 
ease  is  caused  by  a  parasite  that  lives  in  the  muscle  cells  of 
the  animal.  The  bodies  of  diseased  animals  were  removed 
and  burned.  Thus  the  stamp  on  the  meat  assures  us  that 


Smithsonian  Institution 

Fig.  378.  Cold  protects  against  Decay 

This  is  flesh  of  a  mammoth  that  was  frozen  in 
ice  probably  for  several  thousand  years 
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the  inspector  (and  really  the  government  itself)  has  found 
that  the  meat  is  good  for  food.  In  Fig.  379  you  see  such 
an  inspector  at  work. 

In  the  buildings  where  the  animals  are  killed  certain 
standards  of  sanitation  must  be  maintained.  The  health 
officers  must  grant  permits  before  the  The  production  of 
buildings  can  be  used  at  all.  Other  stand-  meats  and  other 

,  ,  ,  o  j.  -i  •  i  i  •  animal  food  is 

ards  apply  to  such  features  as  lighting,  guarded  by  high 
plumbing,  washrooms  for  workers,  clean-  sanitary  standards 
liness  of  the  workmen,  and  many  other  factors.  Every 
precaution  is  taken  to  guarantee  that  the  meat  which 
comes  to  your  table  is 
good  to  eat. 

There  is  real  need  for 
the  protection  we  get 
from  government  inspec¬ 
tors.  Since  it  is  expen¬ 
sive  to  maintain  all  these 
sanitary  measures,  deal¬ 
ers  concerned  only  with 
profits  are  tempted  to 
use  unsanitary  methods. 

Chemicals  could  be  used 
to  keep  meat,  and  in  ap¬ 
pearance  it  would  seem 
wholesome.  Such  chemi¬ 
cals  present  great  dan¬ 
gers  to  public  health, 
however,  and  govern¬ 
ment  inspectors  do  not 
permit  their  use  except 
under  carefully  controlled 
conditions. 

Let  us  look  at  some  other  sources  of  food.  In  the  gro¬ 
cery  you  find  canned  goods,  fresh  vegetables,  bread,  and 
pastries.  Why  are  foodstuffs  sealed  in  cans?  Obviously 


Fig.  379.  Careful  Government  Inspec¬ 
tion  protects  the  Food  that  we  Eat 
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it  is  to  protect  them  against  the  action  of  bacteria.  Take 
tomatoes,  for  example.  You  will  find  only  the  finest  ones 
Canned  foods  keep  used  for  canning.  They  are  picked  from 
indefinitely  the  vines  only  after  the  tomatoes  have 

thoroughly  ripened.  They  are  first  heated  for  a  short  time 
in  boiling  water  to  loosen  the  skin,  so  that  it  may  be  easily 
removed.  At  the  same  time  many  of  the  bacteria  which 

cause  decay  are  killed. 
After  the  skins  are  re¬ 
moved,  the  tomatoes 
are  placed  in  cans.  In 
common  practice  the 
cans  are  closed  except 
for  a  small  opening. 
Then  they  are  placed 
in  the  cooker.  Cook¬ 
ing  is  continued  in  the 
cans  at  a  temperature 
high  enough  to  steri¬ 
lize  the  tomatoes  com¬ 
pletely.  The  cans  are 
now  removed  from  the 
cooker,  and  the  tiny 
hole  is  closed.  The 
can,  now  free  from 
bacteria  and  tightly 
sealed,  is  ready  for  the  market.  Such  canned  fruits  and 
vegetables  keep  indefinitely.  One  of  the  steps  in  their 
preparation  is  shown  in  Fig.  380. 

But  there  is  need  for  government  control  in  the  canning 
industry  too.  Chemicals  may  be  used  in  canning,  to  prevent 
growth  of  bacteria.  Unwholesome  or  even  dangerous 
articles  treated  with  these  chemicals  may  have  the  appear¬ 
ance  of  wholesome  food. 

If  you  will  consider  the  importance  of  the  health  regula¬ 
tions  we  have  discussed,  you  will  see  that  as  consumers,  or 


Fig.  380.  Canning  is  a  Process  by  which 
Foods  are  preserved  for  Future  Use 


Here  tomatoes  are  being  inspected  before  they 
are  canned 
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users,  we  must  look  to  our 
government  for  protection 
against  unprincipled  prac¬ 
tices.  We  must  be  assured 
from  responsible  govern¬ 
ment  agents  that  the  foods 
we  buy  from  the  grocery 
are  good  to  eat.  Let  us 
follow  more  fully  the  care 
in  preparing  one  staple  of 
food  for  the  market.  If 
you  could  list  foods  in 
order  of  importance  for 
health  and  well-being,  it 
seems  likely  that  milk 
would  lead  all  others. 
What  is  milk?  It  is  mostly 
water,  but  it  contains  fats, 
proteins,  carbohydrates, 
tions  of  the  substances  in 
as  follows : 

Water . 

Milk  sugar . 

Fat . . 

Protein  . 

Mineral  salts . 


Fig.  381.  Milk  has  Many  Substances  of 
Value  for  Proper  Nourishment 

Why  should  a  substance  containing  such 
a  large  percentage  of  water  have  such 
great  food  value? 

and  mineral  salts.  The  propor- 
a  typical  sample  of  cow’s  milk  are 

Per  Cent 

. 87.1 

.  5.1 

.  3.9 

.  3.2 

.  0.7 


Perhaps  Fig.  381  is  familiar  to  you.  In  addition  to  these 
substances  milk  is  rich  in  vitamins  A  and  B. 

You  know  something  about  the  difficulties  in  keeping 
milk  fresh.  It  is  good  food  for  bacteria  and  some  other 
fungi  as  well  as  for  people.  Milk  left  ex-  The  action  of  bac. 
posed  in  warm  weather  soon  sours.  Ob-  teria  causes  milk 
serve  some  of  the  changes.  Test  some  fresh  10  sour 
milk  with  blue  litmus  paper  and  with  red  litmus  paper. 
Blue  litmus  turns  red  in  the  presence  of  an  acid.  Red 
litmus  turns  blue  in  the  presence  of  a  base.  You  may  see 
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that  neither  blue  litmus  paper  nor  red  litmus  paper  changes 
color  in  fresh  milk.  Obviously  there  is  neither  an  acid  nor 
a  base  in  it.  But  leave  the  milk  in  a  warm  place  for  forty- 
eight  hours.  Possibly  you  may  tell  from  the  odor  of  it  that 
it  is  sour.  Test  it  again  with  red  litmus  and  blue  litmus. 
Now  you  may  see  that  the  blue  litmus  changes  to  red  when 

placed  in  sour  milk. 
If  you  will  examine 
the  milk  with  some 
care,  you  may  see 
that  it  has  curdled. 

What  is  the  origin 
of  the  acid,  and  why 
does  the  milk  curdle  ? 
Bacteria  that  get  into 
the  milk  feed  upon 
milk  sugar  and  change 
it  to  lactic  acid.  This 
acid,  like  all  other 
acids,  produces  a  sour 
taste  and  turns  blue 
litmus  red.  As  acid 
forms,  it  causes  the 
milk  to  curdle.  The 
curd,  or  solid  part, 
forms  from  the  pro¬ 
tein  in  the  milk.  You 
may  demonstrate  the  fact  that  acid  causes  milk  to  curdle. 
Put  some  fresh  milk  in  a  test  tube.  Add  a  drop  or  two  of 
dilute  hydrochloric  acid  and  notice  that  a  curd  forms.  The 
bacteria  that  feed  upon  milk  sugar  and  cause  milk  to  sour 
and  to  curdle  are  not  harmful.  Doubtless  you  know  that 
cheese  is  made  from  sour  milk.  Bacteria  or  molds  growing 
upon  cheese  give  it  flavor.  Different  organisms  give  differ¬ 
ent  flavors.  The  milk  in  cream  is  usually  soured  before  the 
cream  is  made  into  butter.  There  are  many  harmless  bac- 


Ewing  Galloway 

Fig.  382.  Dairy  Cattle  are  examined  at  Regu¬ 
lar  Intervals  to  see  that  they  are  Free  from 
Disease 

The  inspector  is  a  government  official.  You 
should  demand  that  he  do  his  work  well 
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teria  in  every  glass  of  milk  that  comes  to  the  table.  These 
harmless  forms  will  multiply  rapidly  if  the  milk  is  warm  and 
will  cause  milk  to  sour.  If  the  milk  is  kept  cold,  these  bacte¬ 
ria  do  not  multiply  rapidly  and  the  milk  will  remain  sweet 
for  a  long  time.  If  all  the  bacteria  and  other  fungi  are  killed, 
as  is  the  case  in  canned  milk,  the  milk  will  keep  indefinitely. 

Bacteria  that  produce  disease  may  be  present  in  milk. 
Cows  may  have  tuberculosis,  and  the  bacteria  of  tubercu¬ 
losis  may  get  into  milk.  Dairy  cattle  are 
examined  at  regular  intervals,  as  shown 
in  Fig.  382,  to  see  that  they  are  free  from 
disease.  The  greatest  danger,  however,  is 
from  bacteria  of  disease  that  get  into  milk  from  the  hands 
of  people  who  themselves  have  disease.  Many  cases  of 
typhoid  fever  have  been  traced  to  milk.  Diphtheria  and 
several  other  illnesses  have  been  traced  to  the  same  source. 
Cows  do  not  have  typhoid  fever  or  diphtheria,  so  these 
bacteria  never  are  present  in  the  milk  as  it  comes  from  the 
cow.  They  get  there  from  careless  handling. 

Milk  is  an  extremely  important  food  substance,  and  in 
the  dairy  every  precaution  is  taken  to  bottle  it  in  such  a 
way  that  it  will  remain  sweet  for  a  long  time  and  in  such 
a  way  that  bacteria  of  disease  cannot  get  into  it.  Suppose 
we  visit  a  dairy  farm  and  see  how  this  is  done. 

Notice  that  a  dairy  barn,  as  shown  in  Fig.  383,  is 
very  clean.  The  cows  are  regularly  washed  before  milking. 
The  milking  itself  is  done  by  machines,  and  the  parts  of 
the  machines  are  sterilized  before  the  milking  is  begun.  The 
workmen  are  dressed  in  white,  and  a  fresh  suit  is  used  for 
every  milking.  Before  handling  the  machinery  the  work¬ 
men  very  carefully  wash  their  hands.  The  barn  seems  al¬ 
most  as  clean  as  a  hospital.  Why  so  much  care?  It  is  by 
cleanliness  that  bacteria  in  milk  are  kept  to  the  lowest  pos¬ 
sible  number. 

With  all  the  care  that  may  be  taken,  there  are  some  bac¬ 
teria  in  the  milk.  While  the  milk  is  warm,  the  bacteria 


Dangerous  bacteria 
may  get  into  milk 
through  careless 
handling 
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Ewing  Galloway 

Fig.  383.  The  Modern  Dairy  Barn  is  carefully  protected  against  Unsani¬ 
tary  Conditions 

Can  you  see  any  evidences  of  the  Machine  Age  here? 


develop  rapidly ;  and  unless  care  is  taken,  every  bacterium 
that  gets  in  at  the  time  of  milking  will  have  produced  several 
hundred  within  a  few  hours.  If  the  milk  is  kept  warm,  it  will 
not  be  many  hours  before  bacteria  cause  the  milk  to  sour. 

The  temperature  of  the  milk  as  it  comes  from  the  cow  is 
the  same  as  that  of  the  cow’s  body,  and  that  is  about  the 

Pasteurization  same  as  the  temperature  of  your  body, 
kills  the  bacteria  Bacteria  flourish  in  this  warm  milk.  As 
that  cause  disease  goon  ag  taken  from  the  cow,  then,  the  milk 

is  cooled ;  and  as  soon  as  possible  it  is  started  on  its  way  in 
refrigeration  tanks  (as  shown  in  Fig.  384)  to  the  pasteurizing 
plant.  This  is  usually  in  the  city,  and  milk  from  several 
farms  may  come  to  it.  Why  is  pasteurization  necessary 
after  so  much  care  ?  It  is  simply  an  added  measure  to  keep 
bacteria  under  control. 

The  process  of  pasteurization  is  one  in  which  milk  is 
heated  to  a  temperature  which  is  high  enough  to  kill  most 
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Fig.  384.  This  Modern  Refrigeration  Tank  is  like  a  Large  Vacuum  Bottle 
Fleets  of  such  trucks  carry  the  supply  of  milk  to  large  cities 

of  the  bacteria  but  not  high  enough  to  injure  the  food  value 
of  the  milk.  In  common  practice  it  is  heated  to  a  tempera¬ 
ture  of  145°  F.  (62.8°  C.)  and  held  at  this  temperature  for 
thirty  minutes.  Precautions  have  been  taken  to  keep 
bacteria  of  tuberculosis,  typhoid  fever,  diphtheria,  and 
others  from  the  milk,  yet  there  is  always  danger  when  milk 
is  handled  by  many  people  that  some  bacteria  will  get  in. 
But  if  they  do,  they  are  killed  by  pasteurization.  Some  of 
the  bacteria  which  cause  milk  to  sour  may  be  killed  also. 
A  count  of  1,000,000  bacteria  per  cubic  centimeter  may  be 
reduced  to  10,000  per  cubic  centimeter  by  pasteurization. 
After  the  milk  is  pasteurized,  it  is  poured  by  machinery 
into  sterilized  bottles,  and  the  bottles  are  capped.  You 
may  gain  some  idea  of  the  care  taken  to  guarantee  a  pure 
milk  supply  by  studying  Fig.  385. 

The  question  of  the  number  of  bacteria  in  milk  is  not  so 
important  as  the  question  of  what  kinds  are  there.  It  is 
important  to  know  that  in  milk  that  has  been  properly 
pasteurized  there  are  no  bacteria  that  can  cause  disease. 

What  is  Grade  A  milk  ?  There  are  two  kinds :  Grade 
A  raw  and  Grade  A  pasteurized.  The  former  may  be  sold 
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Fig.  385.  The  Processes  by  which  Milk  is  prepared  for  the  Market  are 
carefully  guarded  against  Dirt  and  Bacterial  Infection 

This  picture  shows  the  bottling  department  of  a  modern  dairy 


as  certified  milk,  representing  the  highest  standard.  The 
cows  producing  such  milk  must  be  kept  in  sanitary  barns, 
be  regularly  tested  by  a  veterinary,  and  be  certified  free  from 
tuberculosis.  The  dairy  workers  must  undergo  medical 
examination  and  be  certified  free  from  disease. 

In  common  practice  certified  milk  must  have  a  count 
not  above  10,000  bacteria  per  cubic  centimeter  when  de- 
f  livered.  Milk  containing  more  than  10,000 
milk Ts*  based  in  bacteria  per  cubic  centimeter  but  less  than 

part  upon  the  count  200,000  may  be  sold  as  Grade  A  milk  only 

oi  bacteria  in  it  . 

after  it  is  pasteurized.  At  the  time  of 
delivery  the  pasteurized  Grade  A  must  not  contain  more 
than  10,000  bacteria  per  cubic  centimeter.  Grade  B  milk 
also  is  produced  from  cows  that  have  been  tested  and  found 
free  from  tuberculosis.  The  count  of  bacteria  may  run  as 
high  as  1,000,000  before  pasteurization,  but  in  common 
practice  there  must  not  be  more  than  50,000  bacteria  per 
cubic  centimeter  at  the  time  of  delivery. 


Fig.  386.  Louis  Pasteur,  who  discovered  a  Cause  and  Cure  for 
Several  Contagious  Diseases  ( 1822-1895 ) 


The  son  of  a  tanner  in  a  little  French  village,  Louis  Pasteur  went  to  school 
and  college,  and  became  a  professor  of  physics  and  chemistry.  Circumstances 
caused  him  to  become  interested  in  the  fermentation  of  wines.  He  tried  to  find 
out  why  milk  sours  and  why  foods  spoil.  He  found  minute  organisms,  or  living 
things,  doing  the  damage,  each  kind  of  organism  producing  its  own  particular 
effect  •  Silkworm  diseases  claimed  his  attention  while  he  was  teaching  in  the 
south  of  France,  and  these  too  he  found  to  be  caused  by  organisms  or  germs 
which  could  be  seen  only  with  a  microscope  •  The  ability  to  keep  at  the  things 
he  started  next  led  Pasteur  into  a  study  of  anthrax,  a  disease  contracted  alike 
by  animals  and  by  man.  This  too  was  caused  by  a  germ.  And  now  he  began  to 
ask  himself  how  to  cure  or  prevent  such  diseases.  This  was  a  generation  or 
more  after  vaccination  had  been  tried  and  found  successful.  Pasteur  forced 
into  cattle  mild  doses  of  anthrax  germs,  gave  them  the  disease  lightly,  then 
more  strongly,  and  they  became  immune  without  ever  having  been  sick.  He 
followed  the  same  methods  in  treating  chickens  with  the  germs  of  chicken 
cholera.  Then  came  hydrophobia,  or  rabies.  This  is  a  disease,  nearly  always 
fatal,  contracted  from  the  bite  of  a  mad  dog.  Could  this  terrible  disease  be 
treated  in  a  similar  manner?  Preliminary  experiments  had  suggested  the  way. 
The  opportunity  came  to  save  a  small  boy’s  life.  His  method  worked.  Philan¬ 
thropists  established  a  place  in  Paris  in  which  Pasteur  could  carry  on  his  work 
and  take  care  of  all  the  patients  who  came  to  him. 
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It  is  extremely  important  that  milk  production  be 
carefully  controlled.  There  is  very  good  evidence  that 
epidemics  of  typhoid  fever  and  of  diphtheria  have  been 
caused  by  milk.  Such  epidemics  may  still  break  out  in 
regions  where  pasteurized  milk  is  not  used,  but  such  out¬ 
breaks  caused  by  milk  are  hardly  possible  in  cities  where 
pasteurized  milk  is  used. 

As  you  can  see,  sanitary  standards  for  milk  in  America 
are  high.  Wherever  you  may  go,  you  may  find  in  large 
cities  pasteurized  milk  for  sale.  This  you  may  drink  with¬ 
out  fear  of  disease,  in  striking  contrast  with  what  you  may 
safely  do  in  many,  if  not  most,  foreign  countries.  There  are 
indeed  but  few  places  in  the  world  outside  the  United 
States  where  a  traveler  may  feel  safe  to  drink  raw  milk 
with  his  meals.  If  he  uses  it  at  all,  he  takes  only  milk  that 
has  been  boiled.  In  England,  for  example,  only  about 
20,000  cows  were  used  in  the  production  of  graded  milk  in 
1927.  At  about  the  same  time  there  were  in  the  United 
States  more  than  2,000,000  cows  used  in  the  production  of 
graded  milk.  All  of  them  had  been  tested  and  found  free 
from  tuberculosis.  Perhaps  some  figures  will  bring  out  the 
importance  of  these  facts.  Only  Switzerland  and  Sweden 
use  more  milk  per  day  per  person  than  we  do  in  the  United 
States.  England,  France,  and  Germany  use  much  less. 
For  comparison,  Switzerland  uses  1.83  pints  per  person 
per  day.  In  the  United  States  we  use  1  pint.  In  England 
the  quantity  is  0.44  pint. 


B.  What  may  be  done  with  Garbage? 

Great  quantities  of  useless  material  collect  every  day  in 
a  city,  and  a  large  part  of  this  material  is  made  up  of  the 
wastes  from  the  handling  and  preparation  of  foods.  You 
find  fruit  peelings  and  seeds,  pods  of  peas  and  beans,  nut¬ 
shells,  waste  leaves  from  green  vegetables,  spoiled  foods, 
and  many  other  things. 
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The  waste  materials  in  garbage  are  chiefly  organic  mat¬ 
ter,  a  term  used  to  include  all  the  products  of  plant  or  ani¬ 
mal  origin.  Since  this  is  so,  almost  everything  in  garbage 
is  food  for  bacteria  and  other  fungi.  Much  of  it  is  food  for 
rats  and  mice  and  for  flies  and  other  insects  in  great  vari¬ 
ety.  Then,  too,  birds  and  larger  animals,  including  skunks, 
muskrats,  and  others,  secure  some  of  their  food  from  refuse. 
In  Yellowstone  Park,  for  example,  a  chief  source  of  food 
for  the  big  brown  bears  so  numerous  there  is  the  garbage 
from  the  park  hotels. 

You  may  have  seen  garbage  dumps  on  the  outskirts  of  a 
large  city.  What  becomes  of  them  ?  As  the  organic  matter 
is  used  for  food  by  the  animals,  by  bacte¬ 
ria,  by  molds,  and  by  other  forms  of  life,  it  trough6  action  of 
is  changed  to  the  chemical  elements  of  J?^ria  and  other 
which  it  is  composed.  Carbohydrates  and 
fats  are,  as  you  know,  composed  of  carbon,  hydrogen,  and 
oxygen.  Proteins  contain  these  same  elements,  together  with 
nitrogen,  sulfur,  and  small  amounts  of  some  other  elements. 
The  mineral  salts  are  compounds  containing  calcium,  phos¬ 
phorus,  sodium,  potassium,  and  some  other  elements. 

Ordinarily  you  would  say  that  garbage  decays.  But  the 
decay  is  only  the  change  that  takes  place  as  organisms  feed 
upon  the  garbage.  You  know  how  foods  are  used  in  the 
cells  of  your  own  bodies.  Energy  is  released  from  the  foods 
as  they  combine  with  oxygen.  In  the  chemical  change 
which  occurs  the  carbohydrates  and  fats  are  changed  to 
carbon  dioxide  and  water.  Proteins  are  reduced  to  these 
same  simple  compounds  and  to  simple  compounds  of  nitro¬ 
gen,  of  sulfur,  and  of  a  few  other  elements.  These  leave  the 
body  by  way  of  the  lungs  and  the  kidneys.  The  chemical 
changes  in  decay  are  about  the  same  as  the  changes  that 
take  place  while  energy  is  being  released  in  the  cells  of 
your  body. 

Bacteria  and  molds  are  the  chief  agents  of  decay.  In  the 
garbage  heap,  where  there  is  plenty  of  food  for  them,  they 
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multiply  to  enormous  numbers.  They  are  living  things  re¬ 
quiring  food  for  energy  and  for  growth.  Each  organism 
digests,  in  much  the  same  manner  as  food  is  digested  in 
your  body,  the  food  on  which  it  grows.  The  garbage  is 
changed  to  a  soluble  form.  In  every  cell  there  is  a  flow  of 
dissolved  food,  and  from  every  cell  there  is  a  flow  of  gaseous 
compounds  that  escape  into  the  air.  In  the  process  of 
decay  garbage  is  changed  into  simple  substances,  mostly 
carbon  dioxide  and  water,  and  a  small  amount  of  mineral 
compounds. 

Why  does  decaying  garbage  produce  a  disagreeable  odor  ? 
Both  carbon  dioxide  and  water  are  odorless.  But  proteins, 
The  odors  of  gar-  you  will  remember,  contain  the  elements 
bage  are  caused  by  nitrogen  and  sulfur.  As  proteins  decay, 

chemical  sub-  ,  ,  .  , 

stances  released  by  compounds  of  these  elements  are  released 
action  of  bacteria  as  gases,  and  they  cause  the  odors.  You 
are  familiar  with  the  odor  of  ammonia  (NH3).  You  may 
recognize  its  odor  in  the  gases  released  from  a  garbage  heap. 
You  may  be  familiar  with  the  foul-smelling  gas  known  as 
hydrogen  sulfide  (H2S).  It  also  is  released  as  a  product 
from  decay.  A  mixture  of  these  compounds,  together  with 
other  compounds  of  these  same  elements,  cause  the 
familiar  but  disagreeable  odors  of  decay. 

The  garbage  heap  is  an  extremely  objectionable  feature 
of  the  environment.  We  don’t  like  the  odors  that  come 
from  it.  But  probably  of  more  importance  than  the  dis¬ 
agreeable  odors  is  the  fact  that  it  serves  as  a  source  of  food 
and  as  a  breeding  place  for  pests.  Among  the  pests  that 
breed  in  decaying  garbage,  flies  and  rats  are  the  most 
objectionable. 

You  may  know  the  life  cycle  of  the  house  fly.  Eggs  are 
laid  on  partly  decayed  matter,  which  serves  as  food  for 
the  larvae.  In  warm  weather  the  interval  from  egg  to  adult 
fly  is  about  twenty  days.  Since  a  single  fly  may  lay  more 
than  a  hundred  eggs  at  one  time,  you  may  expect  that 
during  warm  weather  there  will  be  a  swarm  of  young  flies 
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rising  continually  from  the  heap  of  decaying  garbage.  You 
know,  too,  that  flies  are  dangerous  carriers  of  disease. 

You  don't  need  to  stay  about  a  garbage  heap  very  long 
to  learn  that  it  is  infested  with  rats.  These  too  develop  at 
an  enormously  rapid  rate  when  there  is  f  f 

^  Many  forms  of  am- 

plenty  of  food.  One  female  rat  will  pro-  mal  life  live  and 
duce  young  as  often  as  four  or  five  times  flourish  on  garbage 
in  a  year,  and  in  each  litter  there  will  be  from  four  to  ten 
young.  At  the  age  of  about  six  months  the  young  ones  will 
be  old  enough  to  produce  more  young  ones.  If  there  were 
ten  rats  in  each  litter,  how  many  would  there  be  from  one 
pair  of  rats  by  the  end  of  one  year?  You  may  get  the 
answer  from  a  simple  calculation.  Provided  that  there  was 
sufficient  food  and  that  none  of  the  rats  died,  one  pair  of 
rats  would  at  the  end  of  one  year  have  been  responsible  for 
ninety-five  pair,  or  a  hundred  and  ninety  individuals.  How 
many  would  there  be  at  the  end  of  the  second  year  ?  The 
number  would  be  enormous.  Almost  as  many,  it  would 
seem,  as  followed  the  Pied  Piper  of  Hamelin.  Of  course, 
rats  do  not  really  reproduce  as  fast  as  this,  for  there  would 
not  be  food  enough  for  such  a  large  number.  These  figures 
show  the  greatest  number  that  might  be  produced  under 
most  favorable  conditions.  There  will  be  none  if  there  is  no 
food  for  them.  Since  rats  flourish  on  garbage,  it  must  not  be 
left  in  dump  heaps.  What  may  be  done  with  it? 

As  do  flies,  the  rats  present  a  definite  danger  to  health. 
It  is  believed  that  the  dreaded  plague  which  swept  Europe 
in  the  fourteenth  century  and  which  you  may  have  heard 
of  as  the  Black  Death  is  carried  by  rats.  All  countries  have 
taken  strict  measures  to  protect  their  people  from  the 
spread  of  this  horrible  disease.  Not  only  are  rats  a  menace 
to  health,  but  they  are  an  economic  problem,  as  you  may 
have  realized  if  you  have  ever  seen  the  damage  these  ani¬ 
mals  do  to  corn  and  other  grains  stored  in  granaries. 

The  problem  of  getting  rid  of  garbage,  then,  is  an  im¬ 
portant  one.  What  shall  be  done  with  it  ?  Some  communi- 
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Fig.  387.  In  Many  Cities  Garbage  and  Other  Refuse  is  dumped,  forming 
Unsightly  Piles  like  This 

Do  you  think  such  a  method  of  disposal  is  very  sanitary? 


Fig.  388.  The  Most  Effective  Way  to  get  rid  of  Garbage  is  to  burn  It 
More  and  more  cities  are  erecting  incinerators  similar  to  this  one 

ties  still  have  dumps,  as  shown  in  Fig.  387.  Are  these  an 
aid  to  sanitation?  Other  cities  collect  their  garbage,  load 
it  on  flat-bottomed  boats,  and  dump  it  far  out  at  sea. 
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Even  this  is  no  solution,  for  the  wind  and  waves  carry 
some  of  it  to  near-by  bathing  beaches.  The  simplest  way 
to  get  rid  of  garbage  is  to  burn  it.  In  an  incinerator,  like 
the  one  in  Fig.  388,  garbage  is  burned 
at  a  high  temperature  (about  900°  C.).  way  t^0geteHdCofVe 
The  carbon,  hydrogen  oxygen,  and  ni-  garbage is  to 
trogen  of  which  foods  are  composed  be¬ 
come  parts  of  gaseous  compounds  and  escape  into  the  air. 
There  are  no  objectionable  odors  from  an  incinerator,  for 
at  this  high  temperature  none  of  the  foul-smelling  gases 
of  decay  are  produced.  Within  a  few  minutes  after  the 
mussiest  and  filthiest  garbage  is  placed  in  an  incinerator, 
there  is  nothing  left  of  it  but  some  clean  white  ashes. 

Community  health  and  comfort  require  that  garbage  be 
disposed  of  in  such  a  manner  that  it  does  not  serve  as  a 
breeding  place  for  flies,  rats,  and  other  community  pests. 


C.  What  may  be  done  with  Sewage? 

Sewage  carries  the  wastes  from  the  human  body  and  may 
therefore  carry  all  the  kinds  of  disease  germs  that  are  known 
to  the  human  race.  As  with  garbage,  the  problem  of  getting 
rid  of  sewage  is  important  to  human  health. 

An  application  of  simple  scientific  principles  helps  to 
solve  this  problem.  Consider  first  the  chemical  composition 
of  the  waste  products. 

They  are  composed  chiefly  of  the  same  chemical  elements 
that  are  found  in  food,  namely,  carbon,  hydrogen,  oxygen, 
and  nitrogen,  together  with  small  amounts  of  sulfur,  phos¬ 
phorus,  and  some  other  elements.  These  wastes,  like 
garbage,  serve  as  food  for  bacteria  and  some  other  forms  of 
life.  The  bacteria  change  the  wastes  into  carbon  dioxide, 
water,  and  ammonia,  with  very  small  amounts  of  some  other 
substances.  In  getting  rid  of  sewage,  conditions  should  be 
made  favorable  for  these  bacteria  to  live  and  grow,  for  as 
they  grow  they  destroy  the  sewage. 
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Fig.  389.  A  Simple  Septic  Tank  is  an  Effective  Means  of  Disposing  of  the 
Sewage  from  a  Single  Home 

Do  you  understand  how  the  sewage  is  destroyed  ? 


Cities  located  along  streams  commonly  discharge  sewage 
into  the  river.  This  practice  may  be  permitted,  provided 
there  is  a  large  flow  of  water  and  provided 

The  action  of  bac-  ,  . 

teria  upon  sewage  there  are  no  near-by  cities  downstream. 

aids^n  destroy-  What  happens  to  sewage  after  it  flows 
into  a  stream?  The  bacteria  normally 
found  in  the  water  feed  upon  it.  When  there  is  only  a  little 
sewage  for  a  large  amount  of  water,  the  sewage  is  soon  com¬ 
pletely  destroyed.  It  is  interesting  to  observe  that  cities 
along  the  Mississippi  River  and  its  tributaries  dump  sew¬ 
age  into  the  river ;  yet  the  water  is  nearly  free  from 
evidence  of  sewage  when  the  great  river  flows  into  the  Gulf 
of  Mexico. 

What  becomes  of  the  disease  germs  in  the  sewage? 
They  are  adapted  to  live  at  the  temperature  of  the  human 
body.  Therefore  they  do  not  flourish  outside  the  human 
body. 

The  bacteria  of  typhoid  fever  likely  to  be  present  in 
sewage  may  live  for  a  time.  They  feed  upon  the  waste  mat¬ 
ter  that  is  carried  in  the  water.  But  as  this  is  destroyed, 
the  typhoid  bacteria  die.  If  the  water  is  heavily  loaded 
with  sewage,  however,  disease  germs  will  live  longer  in  it 
than  if  the  water  contains  but  little  sewage.  In  thickly 
settled  regions,  therefore,  where  towns  are  close  together, 
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Fig.  390.  Many  Large  Cities  handle  their  Sewage  through  Disposal  Plants 
Similar  to  this  One 

How  does  such  a  plant  provide  conditions  favorable  for  the  action  of  bacteria? 


the  practice  of  dumping  sewage  into  a  stream  is  very 
objectionable  and  dangerous  to  health. 

There  are  other  possible  ways  of  getting  rid  of  sewage. 
The  sewage  from  a  residence  may  be  effectively  taken  care 
of  through  a  septic  tank,  as  diagramed 
in  Fig.  389.  This  system,  while  it  may 
seem  complex,  is  simply  a  means  to  pro-  sewage  attempt  to 
vide  conditions  favorable  for  the  work  of  iions  favorable 
bacteria.  As  the  sewage  is  held  in  the  for  action  of  bac- 
tank,  it  is  changed  into  liquid  and  gaseous 
matter.  There  is  an  overflow  pipe  near  the  top  of  the 
tank.  Through  it  the  liquid  flows  out  and  seeps  away  in 
the  surrounding  soil. 

Many  large  cities  take  care  of  their  wastes  through 
special  plants.  In  their  common  form  these  plants  are 
composed  of  a  number  of  large  septic  tanks,  as  shown  in 
Fig.  390.  Without  question  this  is  a  far  more  satisfactory 
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way  in  which  to  get  rid  of  sewage  than  to  dump  it  into 
near-by  streams.  Regardless  of  the  plan  used,  however,  the 
modern  methods  for  getting  rid  of  sewage  attempt  to  make 
conditions  favorable  for  the  growth  of  those  bacteria  which 
feed  upon  and  destroy  the  waste  products  in  sewage. 

D.  How  may  we  get  an  Abundant  Supply  of  Pure  Water? 

As  a  result  of  your  previous  work  in  science  you  may 
know  quite  a  little  about  the  means  by  which  man  today 
provides  himself  with  a  sufficiently  large  supply  of  pure 
water.  You  may  even  have  made  a  rather  careful  study 
of  your  local  sources.  This  section  of  the  unit  will  not 
repeat  the  principles  you  have  already  learned,  but  will 
show  how  communities  try  to  make  sure  of  a  safe  supply. 

What  are  the  possible  dangerous  conditions  in  water 
against  which  we  must  guard?  The  water  which  flows  in 
city  mains  is  commonly  pumped  from  rivers  and  lakes.  An 
examination  of  such  water  would  show  that  it  contains 
mineral  salts  which  have  been  dissolved  from  the  soil  as 
the  stream  flowed  along.  It  would  also  contain  some  sedi¬ 
ment,  which  would  make  it  appear  more  or  less  muddy. 
There  would  certainly  be  some  bacteria  in  it ;  and  if  waste 
products  from  the  body  of  a  person  suffering  from  typhoid 
fever  were  allowed  to  flow  into  the  stream,  it  would  prob¬ 
ably  contain  bacteria  that  would  cause  this  illness.  River 
water  ordinarily  has  some  odor,  caused  by  the  decay  of 
organic  matter  carried  in  the  water.  A  satisfactory  water 
supply,  however,  is  free  from  sediment,  dangerous  bacteria, 
and  odors. 

What  has  been  done  to  guarantee  a  satisfactory  supply  ? 
The  sediment  may  be  removed  by  a  chemical  process  of 
sedimentation  and  by  filtering  through  sand.  Or  it  may 
be  removed  by  simply  allowing  time  for  the  tiny  particles 
to  settle.  If  water  is  quite  muddy,  like  water  taken  from 
the  Mississippi  River,  it  is  treated  by  the  chemical  process 
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and  filtered  through  sand.  If  there  is  but  little  sediment  in 
the  water,  as  is  the  case  with  water  taken  from  the  Catskill 
Mountains  for  use  in  New  York  City,  neither  a  chemical 
process  nor  sand  filtration  is  necessary. 

Most  of  the  bacteria  also  will  be  filtered  out  if  the  water 
is  filtered  through  sand.  As  stated  before,  bacteria  which 
produce  disease  are  adapted  to  live  in  the  human  body. 
Outside  the  body  they  are  easily  killed.  In  the  pasteuriza¬ 
tion  of  milk  they  are  killed  by  heat,  while  other  bacteria 
(harmless  ones)  are  not  killed.  In  the  purification  of  water 
they  are  killed  by  the  use  of  chlorine.  Scientists  who  have 
made  a  special  study  of  bacteria  continually  guard  the 
water  supply  and  at  regular  intervals  make  counts  of  the 
number  of  bacteria  in  a  measured  sample.  When  the  count 
runs  high,  more  chlorine  is  used ;  and  when  the  count  is 
low,  less  of  it  is  used.  Chlorine  may  be  used  in  sufficient 
quantity  to  be  tasted,  but  even  in  this  concentration  it  is 
entirely  harmless  to  those  who  drink  the  water. 

This  study  of  foods,  of  methods  of  taking  care  of  garbage 
and  sewage,  and  of  water  supply  is  sufficient  to  illustrate 
the  importance  of  measures  for  maintain-  ,,  , 

r  _  Modern  sanitation 

ing  community  health.  There  was  a  time  is  a  matter  of  strict 

when  the  relations  between  sanitation  and  contro1 
health  were  unknown.  Epidemics  of  disease,  including 
bubonic  plague,  cholera,  malaria,  yellow  fever,  typhoid 
fever,  and  others,  might  break  out  with  great  loss  of  life, 
and  no  one  would  know  why  they  broke  out  nor  how  to 
control  them.  Not  long  ago  people  generally  believed  that 
outbreaks  of  these  diseases  were  the  work  of  the  devil. 
Even  today  it  is  not  uncommon  to  find  people  who  lay  the 
blame  for  their  ills  on  broken  mirrors  and  black  cats  and 
seek  protection  in  a  rabbit’s  foot  or  a  horseshoe.  But  today 
the  causes  of  all  these  illnesses  are  well  known  and  so  effec¬ 
tively  under  control  that  cases  are  extremely  rare.  If  a 
case  of  typhoid,  for  example,  were  to  break  out  in  an 
American  city  today,  it  would  probably  come  either  from 
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milk  or  from  water.  It  might  come  from  some  other  source. 
But  in  any  case  the  board  of  health  could  probably  trace 
the  case  to  the  cause  that  produced  it,  and  the  board  would 
probably  be  able  to  place  personal  responsibility  on  the 
individual  whose  negligence  allowed  the  case  of  illness  to 
develop.  The  only  explanation  that  can  be  offered  today 
for  the  development  of  typhoid  fever  is  negligence.  Man 
has  made  great  progress  in  his  efforts  to  control  the  causes 
of  illness  in  the  community. 


Community  sanitation  demands  constant  alertness  on  the  part 
of  the  individual,  as  well  as  of  the  agencies  he  has  set  np  to 
aid  him.  Such  factors  as  pure  food,  satisfactory  water  supply, 
and  methods  of  disposing  of  garbage  and  sewage  must  be 
carefully  controlled  if  sanitary  conditions  are  to  be  maintained 
in  the  community.  This  control  depends  to  a  great  extent 
upon  common  principles  of  science. 


Can  You  Answer  these  Questions  ? 

1.  What  is  meant  by  'pasteurization  of  milk  ?  Why  is  the  proc¬ 
ess  used  ? 

2.  How  does  Grade  A  milk  differ  from  Grade  B  milk? 

3.  In  what  ways  are  house  flies  not  only  objectionable  but 
really  dangerous  ? 

4.  What  are  some  of  the  standards  by  which  one  can  measure 
how  well  a  community  protects  the  health  of  its  population  ? 

5.  How  does  canning  help  to  preserve  foods  ? 

6.  What  causes  milk  to  turn  sour  ? 

7.  Why  does  decaying  garbage  produce  a  disagreeable  odor? 
Why  is  careless  garbage  disposal  a  menace  to  the  community  ? 

8.  What  are  some  common  ways  in  which  communities  handle 
the  problem  of  sewage  disposal? 

9.  What  are  some  of  the  steps  taken  to  guarantee  a  pure  water 
supDly  ? 
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Questions  for  Discussion 

1.  What  is  meant  by  loose  milk ,  and  why  is  its  sale  a  menace 
to  health  ? 

2.  How  are  garbage  and  sewage  disposed  of  in  your  community  ? 

3.  Suppose  you  wanted  to  become  a  bacteriologist.  What 
courses  should  you  take  in  college  ? 

4.  Why  is  each  of  the  standards  suggested  on  page  629  for 
the  measurement  of  community  health  important? 

5.  What  does  your  community  do  to  secure  a  pure  water  supply  ? 

6.  Is  public  health  more  important  in  the  city  or  in  the 
country  ? 

7.  Why  should  milk,  which  is  almost  90  per  cent  water,  be 
considered  such  a  valuable  food? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  your  local  community  to  find  out  how  its 
health  is  protected.  What  health  officials  are  there,  and  what 
are  their  duties  ?  Are  there  any  conditions  which  are  dangerous 
to  community  health  ?  How  may  they  be  corrected  ? 

2.  Do  you  think  our  present  laws  are  sufficient  to  protect 
community  health?  Discuss  this  question  after  you  read  One 
Hundred  Million  Guinea  Pigs . 

3.  Look  over  the  foods  in  your  kitchen  at  home  and  see  if  you 
can  find  some  of  the  ways  in  which  they  have  been  protected 
against  dirt  and  bacteria  before  they  reached  you. 

4.  Visit  a  dairy  or  a  milk-bottling  plant  to  find  out  how  milk 
is  prepared  for  use.  If  a  visit  is  not  possible,  perhaps  you  can 
get  a  motion-picture  film  which  will  give  you  this  information. 

5.  If  you  can  get  some  fresh  milk,  pasteurize  a  small  part  of 
it.  How  could  you  find  out  what  changes  took  place  ? 

6.  If  you  have  a  public-health  officer  in  your  community,  ask 
him  to  speak  to  your  class  on  the  ways  in  which  foods  are  tested 
for  impurities  and  adulteration. 

7.  One  of  the  outstanding  men  in  the  fight  for  pure-food  laws 
was  Dr.  Harvey  W.  Wiley.  Find  out  about  him  and  write  a  short 
account  of  his  life  and  work. 


Fairchild  Aerial  Surveys,  Inc. 

Fig.  391.  The  Work  carried  on  in  Modern  Observatories  such  as  this 
one  on  the  Top  of  Mt.  Wilson  in  California  has  greatly  increased  Man’s 
Knowledge  of  Outer  Space 


UNIT  VII 

How  has  Man  learned  about  the  Position  in 
Space  of  the  Earth  and  Other  Bodies  ? 


Chapter  XXIX  •  How  has  Man  measured  the  Earth  and  deter¬ 
mined  its  Position? 

Chapter  XXX  •  What  is  the  Nature  of  Light,  and  What  may 
be  learned  through  the  Use  of  Optical  Instruments? 

Chapter  XXXI  •  How  have  New  and  Better  Tools  extended 
our  Information  about  the  Universe? 

Chapter  XXXII  •  What  is  the  Origin  of  the  Solar  System,  and 
What  lies  in  Space  beyond  It? 


THERE  is  abundant  evidence  that  men  have  always  asked 
themselves  as  they  looked  at  the  skies,  What  is  up  there? 
We  are  poorly  equipped  by  nature  to  answer  this  question. 
With  our  eyes  we  see  points  of  light  which  seem  to  be  always 
in  the  same  relative  positions  to  each  other.  These  are  the 
stars.  We  see  other  bodies  that  are  continually  moving,  for 
their  position  in  relation  to  each  other  and  in  relation  to  the 
stars  changes  from  day  to  day.  These  are  the  planets. 

As  we  read  of  the  achievements  of  ancient  people  in  the 
study  of  the  heavenly  bodies,  we  are  much  impressed,  for 
they  had  no  instruments  with  which  to  extend  their  range 
of  vision.  There  were,  though,  definite  limits  to  what  they 
could  do.  No  man  with  an  unaided  eye  could  distinguish  the 
mountains  on  the  moon,  see  the  satellites  of  Mars  and  Jupiter, 
notice  the  rotation  of  these  planets,  or  follow  through  the 
phases  of  Venus. 

When  Galileo  made  his  telescope  and  turned  it  on  the  sky, 
a  new  world  of  discovery  was  opened.  The  eager  search  for 
knowledge  was  richly  rewarded  and  new  discoveries  led  men 
to  seek  for  more  and  more.  The  eagerness  of  this  search  is 
illustrated  by  accomplishments  in  making  telescopes.  Man 
is  unable  to  control  and  use  the  stars  and  the  planets,  but 
through  exercise  of  his  intellect  he  has  been  able  to  control 
and  use  the  energy  of  light  beams  and  make  them  furnish  for 
him  at  least  a  partial  answer  to  the  question,  What  is  up 
there?  The  story  of  these  achievements  is  told  in  this  Unit, 


Chapter  XXIX  •  How  has  Man  measured  the 
Earth  and  determined  its  Position? 

A.  What  were  the  Ideas  of  Leading  Greek  Thinkers 
about  the  Universe? 

You  may  have  thought  that  Columbus  was  the  first  man 
to  believe  the  earth  round,  or  that  all  men  before  Coper¬ 
nicus  thought  the  earth  to  be  the  center  of  the  universe. 
But  this  is  not  true,  for  there  were  among  the  ancient 
Greeks,  and  probably  in  other  civilizations  such  as  the 
Chinese  and  Mayan,  certain  able  men  who  had  surpris¬ 
ingly  modern  theories  about  the  earth  and  the  sky.  Let 
us  study  some  of  these  early  notions. 

Thales  of  Miletus  (640-546  B.c.)  predicted  the  eclipse  of 
the  sun  which  came  in  585  B.c.  He  must  have  known  some¬ 
thing  about  the  earth's  motions.  Pythag¬ 
oras,  famous  for  his  work  in  mathematics, 
taught  during  the  sixth  century  B.c.  that 
the  earth  is  round,  and  gave  as  proof  the 
curved  shadow  of  the  earth  seen  on  the 
moon  during  an  eclipse.  Some  of  his  pupils,  in  fact,  taught 
that  the  earth  moves  around  the  sun.  During  the  fourth 
century  B.c.  another  Greek  philosopher  (Heracleides  Pon- 
ticus)  stated  that  the  apparent  daily  motion  of  the  sun  and 
the  stars  is  due  to  the  rotation  of  the  earth  on  its  axis  and 
not,  as  was  generally  believed  at  that  time,  to  the  motion 
of  these  bodies  around  the  earth. 

One  of  the  great  difficulties  in  the  way  of  accepting  these 
theories  was  the  observation  that  the  stars  seem  to  remain 
throughout  the  year  in  the  same  relative  positions.  No  one 
imagined  then,  of  course,  that  even  the  nearest  of  the  stars 
are  so  far  away  that  the  earth  can  travel  once  a  year  around 
the  sun  and  appear  to  be  as  near  a  given  star  on  one  side 
of  its  orbit  as  on  the  other. 


The  Greeks  had 
suggested  the  main 
features  of  the 
Copernican  theory 
some  five  hundred 
years  before  Christ 
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How  has  Man  learned  about  Space? 

Aristarchus  of  Samos  (third  century  B.c.)  was  one  of  the 
first  to  measure  distances  in  space.  He  guessed  that  the 
sun  is  bigger  and  farther  from  us  than  the  moon,  reason¬ 
ing  somewhat  as  follows :  When  the  moon  is  exactly  at 
first  quarter  or  last  quarter,  so  that  we  see  half  of  its  lighted 
surface,  then  the  earth,  moon,  and  sun  form  a  right  angle 

(as  shown  in  Fig.  392,  A). 
Sun  This,  you  will  see,  is  cor¬ 
rect.  He  could  measure 
the  angle  indicated  by  the 
arrow,  by  sighting  along 
a  line  to  the  moon  and 
by  sighting  at  the  same 
time  along  a  second  line 
to  the  sun.  He  measured 
this  angle  as  87  degrees. 
He  then  drew  a  triangle 
like  the  one  in  Fig.  392,  A, 
and  by  careful  measure¬ 
ment  showed  that  the  line 
representing  the  distance 
from  the  earth  to  the  sun 
was  twenty  times  longer 
than  the  line  representing 
the  distance  from  the  earth 
to  the  moon.  Of  course 
you  see  that  his  answer 
was  far  from  correct,  for  measurements  have  shown  that 
the  distance  from  the  earth  to  the  sun  is  nearly  four 
...  ,  hundred  times  greater  than  the  distance 

Aristarchus  proved  £  _ 

that  the  sun  is  from  the  earth  to  the  moon.  But  his 
more  distant  than  method  was  correct.  His  error  was  in 

the  moon 

the  measurement  of  the  angle.  The  true 
value  is  89.84  degrees,  and  the  value  obtained  by  Aris¬ 
tarchus  was  87  degrees. 

About  the  time  that  Aristarchus  was  attempting  to  figure 


Fig.  392.  Some  of  the  Methods  used  by 
Ancient  Peoples  to  find  out  about  the 
Relationships  of  the  Heavenly  Bodies 
were  Quite  Accurate 

At  the  top  is  shown  how  Aristarchus 
proved  that  the  sun  is  more  distant  than 
the  moon ;  at  the  bottom  is  shown  how 
Eratosthenes  measured  accurately  the 
circumference  of  the  earth 
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the  distances  to  the  moon  and  the  sun,  Eratosthenes,  a 
Greek  who  lived  in  the  city  of  Alexandria  in  Egypt,  drew  up 
a  plan  for  measuring  the  circumference  of  the  earth  itself. 
Let  us  show  you  how  he  did  it. 

About  500  miles  south  of  Alexandria  was  the  city  of 
Syene ;  and  since  this  was  located  well  within  the  torrid  zone, 
the  sun  at  noon  at  certain  times  of  the  year  was  directly 
overhead.  At  the  same  time  in  Alexandria,  however,  the 
sun  was  not  overhead  (as  shown  in  Fig.  392,  B).  There  was 
an  angle  (x)  between  a  line  to  the  sun  and 
a  line  to  overhead  (the  zenith).  Now  you  Ured  accurately  the 
may  see,  as  Eratosthenes  did,  that  this  ^gC““[^rence  of 
angle  x  is  of  the  same  size  as  angle  y  at  the 
center  of  the  earth.  "Very  well,  then,”  reasoned  Eratos¬ 
thenes,  "we  shall  measure  angle  x.  Then  we  shall  measure 
very  carefully  the  distance  from  here  to  Syene.  The  angle  x 
will  be  the  same  part  of  a  circle  (360  degrees)  as  the  distance 
between  the  two  cities  is  of  the  circumference  of  the  earth.” 

The  angle  was  found  to  be  7  degrees  12  minutes.  This  is 
exactly  one  fiftieth  of  a  circle.  The  distance  between  the 
two  cities  was  500  miles.  Therefore  the  distance  around 
the  earth  was  50  x  500  miles,  or  25,000  miles.  This  answer 
is  very  nearly  correct. 

But  these  ancient  Greeks  had  to  be  content  to  know 
such  things  for  themselves.  They  had  no  elaborate  systems 
of  broadcasting  new  discoveries  to  the 
world  —  no  radio,  no  newspapers,  no  print¬ 
ing  press.  Only  the  rich  could  read  and 
write.  Philosophers  —  some  of  them  — 
believed  that  the  earth  was  round  and 
that  it  revolved  about  the  sun.  Most  people  knew  nothing 
of  the  world  beyond  their  own  fields,  nor  did  they  very 
much  care. 

True,  there  was  a  great  library  at  Alexandria  in  the  days 
of  Eratosthenes,  as  there  had  been  earlier  at  Athens.  The 
star  maps  in  those  days  were  accurate  and  are  used  for 


But  few  people 
were  educated  in 
ancient  times,  and 
most  people  knew 
nothing  of 
astronomy 
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reference  even  today.  To  be  sure,  the  men  who  collected 
information  and  the  manuscript-writers  failed  to  accept  the 
theory  of  Aristarchus  that  the  sun  is  at  the  center  of  the 
solar  system.  Indeed,  we  should  never  have  known  about 
it  if  Archimedes,  in  Sicily,  had  not  happened  to  quote  the 
theory  in  order  to  deny  it. 


B.  How  does  Modern  Man  find  his  way  about  the  Earth? 

What  are  Latitude  and  Longitude? 

We  have  told  you  how  Eratosthenes  measured  the  earth's 
circumference,  and  we  have  referred  to  his  other  measure¬ 
ments  of  latitude.  The  Phoenicians  too 

Snilors  need  3 

scheme  for  "find-  and  other  early  sailors  were  eager  to  de- 
ing”  themselves  termine  their  positions  and  their  direction 

when  far  from  land 

from  home  when  out  upon  unknown  waters. 
They  found  the  sun  and  stars  useful  for  this  purpose,  and 
they  too  became  expert  at  measuring  angles.  Accurate  de¬ 
terminations  of  latitude  and  longitude  resulted. 

This  scheme  has  been  worked  out  as  a  definite  result  of 
increased  knowledge  concerning  the  shape  and  motions  of 
the  earth.  Latitude  and  longitude.  What  do  these  words 
mean?  They  both  come  from  the  Latin,  one  from  a  word 
meaning  "  broad  ”  and  the  other  from  a  word  meaning  "  long." 

In  your  mathematics  classes,  as  well  as  earlier  in  this 
chapter,  you  have  already  measured  circles  and  know  that 
a  circle  is  equal  to  360  degrees.  A  half- 
the  earth  is  dis-  circle,  then,  is  180  degrees,  and  a  quarter- 

tance  around  a  circle  is  90  degrees.  Since  the  earth  is  a 

sphere,  any  part  of  the  distance  around  it, 
measured  in  any  way,  is  really  distance  measured  around 
some  part  of  a  circle.  Fig.  393  will  illustrate  this.  If  you 
travel  from  point  A  to  point  B  or  from  B  to  C  or  from  A  to 

C,  you  are  traveling  along  a  circle. 

The  fact  that  distance  traveled  on  the  surface  of  the 
earth  is  really  distance  on  a  circular  line  forms  the  basis 
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for  determining  latitude  and  longitude.  Imagine  two  cir¬ 
cles  drawn  around  the  surface  of  the  earth.  One  extends 
from  east  to  west  around  the  earth  halfway  between  the 
poles  and  is  called  the  equator.  Imagine  the  other  circle 
extending  north  and  south  through  the  poles. 

Now  let  us  see  how  we  can  measure  distances  north  and 
south.  Remember  that  north  always  means  toward  the 
north  pole,  and  south 
means  toward  the  south 
pole.  The  equator  is,  as 
you  know,  a  great  circle 
around  the  earth  just 
halfway  between  the 
north  pole  and  the  south 
pole.  Any  point  on  the 
equator  is  said  to  be 
at  0  degree  latitude; 
points  north  of  the  equa¬ 
tor  are  in  north  lati¬ 
tude,  and  points  south 
of  the  equator  are  in 
south  latitude.  Since  a 
line  drawn  from  the 

equator  to  either  pole  would  be  a  quarter-circle,  there  are 
90  degrees  of  latitude  between  the  equator  and  either  pole. 
The  north  pole,  then,  is  located  at  90  de- 

t  ...  -l  ,  ,,  n  -i  ■  Latitude  indicates 

grees  north  latitude,  and  the  south  pole  is  distance  north  and 

located  at  90  degrees  south  latitude.  If  south  of  the 
you  will  look  at  a  map  of  the  world,  you  equator 
will  see  drawn  around  the  earth  a  line  marking  the  posi¬ 
tion  of  the  equator.  This,  you  will  notice,  is  0  degree 
latitude.  Paralleling  the  equator,  other  lines  are  drawn 
north  and  south  of  it.  Just  as  any  point  on  the  equator 
is  at  0  degree  latitude,  so  any  point  on  the  line  located 
10  degrees  north  of  the  equator  is  at  10  degrees  north  lati¬ 
tude,  whether  it  is  in  Africa,  Central  America,  or  elsewhere. 


Fig.  393.  Distance  around  the  Earth  is  Dis¬ 
tance  around  a  Circle 
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Notice  that  similar  lines,  or  parallels  of  latitude,  are  drawn 
at  intervals  on  both  sides  of  the  equator. 

Meridians  of  longitude  are  used  for  determining  dis¬ 
tances  and  directions  east  and  west.  To  represent  longi- 
Longitude  indi-  tude,  meridians  are  drawn  from  pole  to 
cates  distance^ east  pole,  cutting  the  parallels  at  right  angles. 
Greenwich  Since  there  is  no  definite  point  such  as  the 

meridian  equator  to  use  as  0  degree  longitude,  one 

had  to  be  selected.  Today  all  countries  use  as  the  0  de¬ 
gree  meridian  the  one  that  runs  through  Greenwich,  Eng¬ 
land,  the  home  of  the 
British  National  Ob¬ 
servatory.  Longitude 
is  measured  from  0  de¬ 
gree  to  180  degrees 
eastward  and  from  0 
degree  to  180  degrees 
westward.  The  180th 
meridian  is  not  called 
either  east  or  west,  but 
merely  the  180th  me¬ 
ridian. 

W ith  this  system  you 
can  locate  any  point 
exactly.  For  example, 
you  can  indicate  a  place 
as  being  at  45  degrees 
north  latitude  and  76  degrees  east  longitude.  Immediately 
anyone  understanding  the  system  can  locate  very  definitely 
that  place  on  the  map. 

By  looking  at  the  map  you  may  learn  the  latitude  and 
longitude  of  places  on  the  surface  of  the  earth.  The  distance 
from  the  equator  to  the  poles  is  one  fourth  the  distance 
around  the  earth.  It  is  therefore  90  degrees.  Minneapolis, 
Minnesota,  is  at  45  degrees  north  latitude.  Minneapolis  is 
just  halfway  between  the  equator  and  the  north  pole.  Cen- 


Fig.  394.  Latitude  indicates  Distance  North 
and  South  of  the  Equator;  Longitude  indi¬ 
cates  Distance  East  and  West  of  Greenwich 
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tral  Patagonia,  in  Argentina,  South  America,  is  at  45  de¬ 
grees  south  latitude.  Central  Patagonia  is  therefore  halfway 
between  the  equator  and  the  south  pole. 

St.  Louis,  Missouri,  is  at  90  degrees  west  longitude.  The 
distance  from  the  meridian  that  passes  through  Greenwich 
to  the  meridian  that  passes  through  St.  Louis  is  therefore 
just  one  fourth  of  the  distance  around  the  earth.  The 
meridian  of  90  degrees  east  longitude  passes  through  the 
plains  of  Tibet  in  Asia  and  near  Mount  Everest.  Mount 
Everest  is  therefore  just  halfway  around  the  earth  from 
St.  Louis.  A  traveler  could  travel  from  St.  Louis  toward 
Mount  Everest  by  going  either  east  or  west,  and  in  either 
case  the  distance  would  .be  the  same. 


C.  Where  do  we  get  our  Scheme  for  Telling  Time? 

Some  of  you  may  have  listened  to  radio  broadcasts  from 
England.  You  may  have  heard  the  king  at  six  o’clock  in 
the  morning.  If  so,  perhaps  you,  like  others,  wondered 
why  he  should  get  up  as  early  as  that  to  make  a  speech. 
Strange  to  say,  however,  when  it  is  six  o’clock  in  the  morn¬ 
ing  in  New  York,  Boston,  or  Philadelphia,  it  is  eleven 
o’clock  in  the  morning  in  England.  After  all,  that  is  not 
so  early  for  speech-making. 

Perhaps  you  have  listened  to  broadcasts  of  football 
games  between  rival  Eastern  colleges.  When  the  games 
are  over  at  about  half-past  five  in  the  East,  Time  differs  at 
those  of  you  living  on  the  eastern  coast  of  different  places 
the  United  States  may  have  turned  the  dials  to  the  begin¬ 
ning  of  a  broadcast  of  a  game  between  colleges  on  the 
western  coast.  Many  times  you  sit  under  electric  lights 
in  the  East  and  listen  to  a  description  of  a  game  being 
played  in  brilliant  sunshine  on  the  Pacific  coast.  Similarly 
those  of  you  who  live  in  the  Far  West  listen  before  and  dur¬ 
ing  lunch  to  broadcasts  of  Harvard,  Yale,  Princeton,  and 
other  Eastern  games. 
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How  may  these  common  experiences  be  explained  ?  Will 
your  knowledge  of  latitude  and  longitude  help?  Is  there 
any  relationship  between  them  and  the  shape  and  motions 
of  the  earth  ?  Let  us  see. 

The  earth,  you  learned,  turns  on  an  axis.  This  rotation 
proceeds  at  a  uniform  rate ;  and,  so  far  as  is  known,  there 
is  no  force  acting  to  stop  it  or  to  make  it  move  faster.  The 
time  required  for  one  rotation  of  the  earth  may  be  meas¬ 
ured  by  the  interval  of  time  between  the  instant  the  sun 
is  directly  over  a  meridian  and  the  instant  it  is  next  over 
the  same  meridian.  This  length  of  time  is  one  solar  day. 
T  .  It  is  noon  on  a  meridian  at  the  instant  the 

meridian  when  the  sun  is  directly  over  that  meridian.  Obvi- 
sun  is  over  it  ously,  then,  it  cannot  be  noon  at  the  same 
instant  at  different  positions  on  the  same  east-and-west 
line,  or  parallel  of  latitude.  It  is  noon  at  the  same  time, 
however,  at  all  positions  on  the  same  meridian  of  longi¬ 
tude.  The  position  of  noon,  then,  moves  from  east  to  west 
as  the  earth  turns  from  west  to  east. 

Since  there  are  twenty-four  hours  in  one  day,  the  earth 
makes  one  twenty-fourth  of  a  complete  turn  in  an  hour. 

When  it  is  noon  at  one  place,  it  must  be 
earth  rotates  one  hour  before  noon  at  a  position  15  de- 

■hr°nghour  degrees  Srees  farther  west.  Why  fifteen  ?  Since 
there  are  860  degrees  in  a  circle,  you  will 
see  that  during  every  hour  every  point  on  the  earth  turns 
through  15  degrees  of  longitude  (360  24  =  15). 

Consider  now  the  difference  in  location  of  various  points 
and  their  relation  to  the  sun  at  a  particular  time.  Phila¬ 
delphia  is  at  75  degrees  west  longitude,  St.  Louis  is  at  90 
degrees  west  longitude,  Denver  is  at  105  degrees  west 
longitude,  and  Yosemite  National  Park  is  at  120  degrees 
west  longitude.  When  it  is  noon  in  Philadelphia,  it  is  one 
hour  before  noon  in  St.  Louis,  two  hours  before  noon  in 
Denver,  and  three  hours  before  noon  in  Yosemite  National 
Park.  One  hour  after  the  vertical  rays  of  the  sun  are  over 
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Fig.  395.  The  Shape  and  the  Rotation  of  the  Earth  determine  our  Time 

Scheme 


Notice  that  for  every  fifteen  degrees  of  longitude  there  is  a  change  of 
one  hour  in  time 


the  meridian  that  passes  through  Philadelphia  they  will 
be  over  the  meridian  that  passes  through  St.  Louis,  for  in 
this  interval  the  earth  will  have  turned  through  15  degrees. 
If  you  will  look  at  a  map  or  a  globe  (Fig.  395),  you  find  that 
when  it  is  noon  in  Philadelphia  it  is  midnight  over  the 
plains  of  central  and  southern  China. 

Here,  it  would  seem,  is  a  good  basis  for  a  time  scheme. 
Why  not  use  solar  time  as  a  unit  of  measurement?  The 
sun  would  be  a  kind  of  universal  clock.  The  question 
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"What  time  is  it?”  could  be  answered  with  "Why  not  look 
at  the  sun?”  As  you  study  these  questions  a  little,  how- 
a  ,  ..  .  .  ever,  you  begin  to  see  that  solar  time  would 
convenient  for  cause  a  great  deal  of  inconvenience.  Noon 

ordinary  use  to  one  person  would  not  be  noon  to  another 

person  living  east  or  west  from  that  person.  You  may 
think  of  noon  as  approaching  from  the  east  as  the  earth 
turns  and  leaving  toward  the  west.  If  a  person  said,  "I 
will  see  you  at  noon,”  he  would  have  to  say  whether  he 
meant  noon  according  to  his  solar  time  or  the  solar  time  at 
the  point  where  his  friend  lived.  If  a  railroad  used  solar 
time,  it  would  have  to  indicate  whether  the  time  of  arrival 
of  trains  at  a  certain  point  was  local  solar  time  or  not. 
With  this  plan,  then,  no  two  places  would  have  the  same 
time  unless  they  were  located  on  the  same  meridian. 

In  1864  an  international  congress  was  held  in  Washing¬ 
ton  for  the  purpose  of  arriving  at  some  definite  universal 
time  plan.  At  this  congress  it  was  agreed  that  the  merid¬ 
ian  of  0  degree,  at  Greenwich,  England,  should  be  the 
standard  time  meridian.  Further,  it  was  decided  that  a 
number  of  time  belts  should  be  set  up  and  that  within 
each  of  these  belts  the  same  time  should  be  in  effect.  How 
.  should  these  belts  be  determined?  This 

Time  is  now  ar- 

ranged  by  time  was  very  simple.  You  know,  as  did  the 
belts  members  of  the  congress,  that  the  earth 

turns  through  15  degrees  of  longitude  each  hour  and  that 
there  are  twenty-four  hours  in  a  day.  Since  this  is  so,  they 
said,  let  us  place  the  boundaries  of  the  time  belts  15  de¬ 
grees  apart. 

When  it  is  noon  at  Greenwich  at  0  degree  longitude,  all 
accurate  watches  within  the  15-degree  zone,  or  belt  of  longi- 
Time  belts  are  15  tude,  which  has  Greenwich  as  the  center 
degrees  wide  indicate  noon.  Another  time  belt  has  its 
center  at  15  degrees  west  longitude,  another  at  30  degrees 
west  longitude,  still  another  at  45  degrees  longitude,  and 
so  on  around  the  earth. 
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In  the  United  States  there  are  four  time  belts.  They  de¬ 
termine  what  is  called  Eastern  time,  Central  time,  Moun¬ 
tain  time,  and  Pacific  time.  Each  belt  is  ™  , 

about  15  degrees  wide.  These  time  belts  time  belts  in  the 
are  indicated  in  Fig.  396.  The  boundaries  United  States 
of  the  belts  are  not  straight.  Can  you  guess  why  this 
should  be  so  ?  Consider  a  city  located  directly  on  a  bound¬ 
ary  meridian.  Would  it  be  very  convenient  if  one  side  of 
the  town  had  Central  time,  while  the  other  side  had  time 
an  hour  later  or  earlier?  Let  us  see  how  these  time  belts 
are  used.  When  the  traveler  goes  from  one  time  belt  to  the 
next,  he  must  change  his  watch  by  one  hour ;  for  when  it 
is  three  o'clock  in  the  Central  time  belt,  it  is  two  o'clock 
in  the  Mountain  time  belt.  As  he  travels  from  east  to  west, 
he  must  set  his  watch  back  one  hour  as  he  moves  from  one 
time  belt  to  the  next.  As  he  travels  from  west  to  east,  he 
must  set  his  watch  forward  as  he  moves  from  one  time  belt 
to  the  next.  See  if  you  can  find  a  railroad  time-table  which 
shows  how  time  changes. 

The  time  kept  by  ordinary  clocks  and  watches  is  stand¬ 
ard  time.  There  is  in  each  time  belt  one  meridian  on  which 
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standard  time  and  solar  time  are  the  same.  In  the  Eastern 
time  belt  this  meridian  is  the  one  that  passes  through  Phila- 
Standard  time  is  delphia.  A.t  the  eastern  edge  oi  a  time 
average  solar  time  belt  the  solar  time  is  about  thirty  minutes 
ahead  of  standard  time,  and  at  the  western  edge  of  the  belt 
the  solar  time  is  about  thirty  minutes  behind  standard 
time.  In  other  words,  if  you  live  on  the  edge  of  a  time  belt, 
the  sun  is  not  directly  over  the  meridian  where  you  live 
when  the  clocks  in  your  city  indicate  noon.  Standard  time 
may  be  thought  of  as  the  average  solar  time  of  the  time  belt. 

At  the  latitude  of  Washington,  D.C.,  a  spot  on  the  sur¬ 
face  of  the  earth  is  carried  forward,  as  the  earth  turns,  at 
a  speed  of  about  800  miles  per  hour.  If  a  person  had  an 
airplane  capable  of  this  speed,  he  could  start  westward  at 
noon  and  continue  his  travels  all  the  way  around  the  earth 
with  the  sun  all  the  time  in  the  position  of  noon.  If  he 
traveled  eastward  at  this  speed,  he  would,  if  he  started  at 
noon,  arrive  in  just  twelve  hours  at  a  position  in  which  it 
would  again  be  noon.  In  another  twelve  hours  he  would 
be  back  at  his  starting  place,  and  it  would  be  noon  again. 
What  does  this  mean,  practically?  A  traveler  going  west¬ 
ward  must  set  his  watch  backward  every  time  he  crosses 
a  time  belt.  If  he  continues  around  the  world,  traveling 
westward,  he  will  set  his  watch  backward  twenty-four 
hours,  or  one  full  day,  during  the  journey.  In  this  way 
he  would  seem  to  lose  a  day ;  but  when  he  returned  to  his 
starting  place  on  what  would  seem  to  him  to  be  Monday, 
he  would  find  it  was  really  Tuesday  and  he  would  not 
have  lost  the  day  after  all.  The  International  Date  Line 
The  180th  mend-  bas  been  established  in  order  to  set  this 
ian  is  the  inter-  right.  This  line  just  about  corresponds 
national  Date  Line  to  the  180th  meridian  (Fig.  397).  When  a 

traveler  crosses  the  Date  Line,  he  changes  time  by  one  full 
day.  If  it  is  Monday  on  the  east  side  of  the  line,  it  is  Tues¬ 
day  on  the  west  side  of  the  line.  Thus  when  the  traveler 
gets  back  to  his  starting  place,  his  calendar  will  be  correct. 
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Fig.  397.  The  180th  Meridian  is  the  International  Date  Line 
Why  does  not  this  line  run  directly  north  and  south? 

When  this  time  scheme  was  first  placed  in  universal 
practice,  some  amusing  difficulties  arose.  Did  you  ever 
read  Round  the  World  in  Eighty  Days,  by  Jules  Verne? 
The  plot  of  the  story  hinges  upon  a  day  which  is  "gained” 
in  traveling  around  the  world  from  west  to  east.  A  modern 
explorer,  Dr.  Harold  McCracken  tells  in  his  book  God’s 
Frozen  Children  about  two  little  islands  lying  between 
Alaska  and  Siberia.  The  longitude  of  Little  Diomede  Is¬ 
land,  about  one  square  mile  in  area,  is  measured  west  from 
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Greenwich.  Two  miles  to  the  west  lies  Big  Diomede  Island, 
the  longitude  of  which  is  east  from  Greenwich.  The  Inter¬ 
national  Date  Line  passes  between  these  two  islands.  When 
it  is  Monday  on  Little  Diomede,  it  is  Tuesday  on  Big 
Diomede.  If  you  should  walk  across  the  ice  from  the  bigger 
island  to  the  smaller  in  midwinter,  starting  on  Tuesday, 
you  would  arrive  on  Monday,  thus  "gaining”  a  day.  As 
you  travel  back,  you  "lose”  it  again.  Similarly,  when  you 
travel  from  San  Francisco  to  China,  you  "lose”  a  day  in 
mid-ocean;  but  when  you  return,  you  repeat  a  calendar 
day  and  thus  regain  it. 

You  should  now  understand  how  the  length  of  a  day,  a 
week,  a  month,  or  a  year  is  determined. 

A  day  is  defined  as  the  length  of  time  required  for  one 
complete  rotation  of  the  earth.  This  may  be  measured  by 

There  are  different  US^n^  the  sun  as  a  P0^  of  reference.  A 
ways  to  define  a  solar  day  is  the  interval  between  the  time 
when  the  sun  is  directly  over  a  meridian 
and  the  time  when  it  is  again  directly  over  the  same  merid¬ 
ian.  Sometimes  astronomers  use  some  other  star  in¬ 
stead  of  the  sun.  In  that  case  they  speak  of  sidereal  days, 
or  star  days,  instead  of  solar  days.  There  are  still  other 
kinds  of  days  used  for  special  types  of  scientific  work. 

A  lunar  month,  about  twenty-nine  and  a  half  days,  is 
the  interval  from  one  full  moon  to  the  next.  All  the  changes 
in  the  moon  from  one  full  moon  until  the  next  are  completed 
12.4  times  in  one  year.  The  interval  between  one  full  moon 
and  the  next  full  moon  is  divided  into  four  phases,  or 
stages.  The  week  is  an  interval  that  corresponds  closely 
to  one  of  the  moon's  phases. 

The  year,  like  the  day,  is  a  natural  unit  of  time.  It  is 
the  time  required  for  the  earth  to  make  one  revolution 
around  the  sun.  The  length  of  the  year  has  been  measured 
very  carefully.  It  is  about  three  hundred  sixty-five  and  a 
fourth  days.  More  accurately,  it  is  365  days,  5  hours, 
48  minutes,  and  46.98  seconds. 
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D.  Why  do  we  need  an  Accurate  Calendar? 

The  first  calendar  similar  to  the  one  we  use  today  was 
made  in  46  B.C.,  during  the  time  of  Julius  Caesar,  and  it  is 
said  that  Caesar  got  the  idea  from  the  Egyptians  while  he 
was  visiting  Cleopatra  in  Alexandria.  It  was  called  the 
Julian  calendar.  It  was  not,  of  course,  the  first  calendar. 
Many  people,  including  the  ancient  Greeks,  Egyptians, 
Mayas,  and  Babylonians,  had  calendars.  Theirs  were 
based  on  the  phases  of  the  moon,  however,  . 

while  the  Julian  calendar  was  based  on  the  once  based  on  the 
earth's  revolutions.  In  the  Julian  calendar  moon^now^is 
the  year  was  divided  into  twelve  months  based  on  the  revo- 
of  about  equal  length.  After  a  slight  lutlon  of  the  earth 
change  made  by  Augustus  Caesar,  who  followed  his  uncle, 
the  Julian  calendar  as  finally  set  up  consisted  of  twelve 
months.  Seven  months  had  thirty-one  days ;  four  months, 
thirty  days ;  and  one  month  twenty-eight  days.  This  is  a 
total  of  three  hundred  and  sixty-five  days.  Since  the  year 
is  really  about  three  hundred  sixty-five  and  a  fourth  days, 
one  day  was  added  to  the  calendar  every  fourth  year. 

Since  the  year  is  not  quite  as  long  as  three  hundred 
sixty-five  and  a  fourth  days,  there  was  an  error  in  the  Julian 
calendar.  The  year  is  really  about  eleven  minutes  and 
fourteen  seconds,  or  seventy-eight  ten-thousandths  of  a 
day,  less  than  three  hundred  sixty-five  and  a  fourth  days. 
The  year  of  the  Julian  calendar,  then,  was  too  long  by  this 
amount.  In  a  hundred  years  this  error  amounted  to  about 
three  fourths  of  a  day ;  and  in  four  hundred  years,  to  three 
days.  As  the  centuries  passed,  it  became  evident  that  a 
correction  must  be  made. 

In  1582  Pope  Gregory  XIII  reformed  the  Julian  calendar. 
Since  the  change  was  made  more  than  sixteen  centuries 
after  Julius  Caesar,  the  error  of  the  calendar  by  that  time 
had  amounted  to  about  ten  days.  The  Pope  announced 
that  ten  days  should  be  dropped  from  the  month  of  Oc- 
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tober,  1583,  and  that  the  fourth  of  the  month  should  be 
followed  immediately  by  the  fifteenth.  He  also  decided 
that  years  divisible  by  100  should  not  be  leap  years  unless 
they  are  also  divisible  by  400.  As  you  can  see  if  you  care 
to  figure  it,  this  shortened  the  Julian  calendar  by  three  days 
in  four  hundred  years.  The  calendar  worked  out  by  Pope 
We  now  use  the  Gregory  is  now  called  the  Gregorian  calen- 
Gregorian  calendar  dar  an(J  Js  the  one  that  we  USe.  There  is  a 
little  error  in  it,  but  it  amounts  to  only  one  day  in  thirty- 
two  hundred  years.  Three  hundred  and  fifty  years  have 
passed  since  Pope  Gregory  corrected  the  calendar.  It  will 
not  need  correction  by  as  much  as  one  day  for  twenty-nine 
and  a  half  centuries. 


Men  have  had  strange  ideas  about  the  earth’s  position  in 
time  and  space.  Yet  modern  theories  were  held  in  some  cases 
by  ancient  philosophers,  some  of  whom  made  very  accurate 
measurements.  Means  of  determining  location,  direction,  and 
time  have  come  from  man’s  knowledge  of  the  shape  and  mo¬ 
tions  of  the  earth.  As  his  knowledge  of  natural  phenomena  has 
increased,  these  measurements  have  become  more  accurate. 


Can  You  Answer  these  Questions  ? 

1.  What  are  latitude  and  longitude?  How  are  they  used  to 
determine  the  location  of  points  upon  the  earth  ? 

2.  How  are  the  time  belts  of  the  world  determined  ?  What  is 
standard  time?  What  time  belts  are  there  in  the  United  States? 
How  does  time  differ  in  these  belts  ? 

3.  What  is  the  International  Date  Line?  What  is  its  im¬ 
portance  in  our  time  scheme  today? 

4.  What  is  the  scientific  definition  of  each  of  the  following 
units  of  time  measurement? 

Solar  day  Lunar  month  Year  Sidereal  day  Week 

5.  What  is  the  difference  between  the  old  Julian  calendar  and 
our  present  Gregorian  calendar? 


The  Earth  and  its  Position  in  Space  673 

6.  What  arguments  are  there  in  favor  of  calendar  reform? 

7.  Is  it  correct  to  say  that  any  distance  around  the  earth  is 
distance  around  a  circle  ?  How  should  you  defend  your  answer  ? 


Questions  for  Discussion 

1.  Do  you  think  that  if  the  findings  of  Aristarchus  or  Era¬ 
tosthenes  had  been  common  knowledge  in  their  time,  it  would 
have  had  any  effect  upon  people  then  ? 

2.  It  has  been  said  that  the  basis  of  latitude  is  more  exact 
than  the  basis  of  longitude.  Can  you  see  any  reason  for  this 
statement  ? 

3.  If  you  were  sailing  from  San  Francisco  to  Tokyo,  should 
you  lose  or  gain  a  day  when  you  crossed  the  International  Date 
Line  ?  Can  you  prove  your  answer  ? 

4.  What  advantages  are  claimed  for  schemes  for  daylight- 
saving  ? 

5.  In  some  reference  books  Isaac  Newton’s  birth  year  is  given 
as  1642.  In  others  it  is  given  as  1643.  Can  you  explain  this 
difference  ? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Find  out  how  a  navigator  far  from  land  determines  his 
exact  position. 

2.  Find  out  all  you  can  on  the  subject  of  astronomy  among 
the  American  Indians,  the  Arabians,  the  Syrians,  the  Mayans, 
or  some  other  ancient  people. 

3.  Read  Verne’s  Around  the  World  in  Eighty  Days .  In  what 
ways  does  it  seem  very  much  out  of  date  to  you  today  ? 

4.  Make  or  obtain  a  protractor  and  with  it  make  an  instru¬ 
ment  to  measure  the  angle  between  any  two  distant  objects. 

5.  If  you  want  to  know  more  about  man’s  ways  of  telling 
time,  see  if  your  library  has  a  copy  of  Brearley’s  Time  Telling 
through  the  Ages .  If  you  would  be  interested  in  clocks  or  watches, 
look  up  Milham’s  Time  and  Timekeepers . 

6.  Read  in  an  encyclopedia  about  schemes  for  calendar  re¬ 
form.  Is  such  a  reform  needed  ? 


Chapter  XXX  •  What  is  the  Nature  of  Light, 
and  What  may  be  learned  through  the  Use 
of  Optical  Instruments  ? 

It  may  be  interesting  to  consider  for  a  moment  what 
happens  to  make  you  see  the  starry  sky  on  a  clear  night. 
On  a  dark  night,  if  your  eyes  are  good,  you  may  see  about 
a  thousand  stars.  On  a  moonlit  night  you  cannot  see  nearly 
so  many. 

Each  visible  star  is  a  source  of  light.  You  see  the  star 
because  radiant  energy  in  the  form  of  light  comes  to  your 
eyes  from  the  star  and  stimulates  your  optic  nerve.  The 
stars  are  like  the  sun.  They  are  hot  bodies,  so  hot  that 
they  radiate  light.  The  planets  and  the  moon  are  un¬ 
like  the  stars  in  this  respect.  They  do  not  radiate  light. 
They  are  dark  objects  that  are  made  visible  only  when  the 
light  of  the  sun  falls  upon  them. 

As  we  gaze  into  the  starry  sky,  we  see  only  points  of 
light.  How  far  away  are  they?  What  is  the  nature  of  the 
bodies  from  which  the  light  comes?  How  big  are  they? 
Are  the  points  moving?  Answers  to  these  and  to  many 
other  questions  are  carried  to  us  in  the  beams  of  light  com¬ 
ing  through  the  vast  distances  of  space. 

A.  What  is  a  Beam  of  White  Light,  and  What  is 
a  Beam  of  Colored  Light? 

You  know  something  of  the  range  in  wave  length  of 
radiant  energy.  The  range  is  upward  in  length  from  the 
short  cosmic  rays,  at  one  extreme,  which 
range  in  thfwave  are  as  short  as  one  trillionth  of  a  meter,  to 
length  of  radiant  the  extremely  long  radio  waves,  which  are 
at  least  as  long  as  352,000  meters.  Of  this 
total  range  the  human  eye  is  sensitive  to  only  an  extremely 
small  part,  namely,  those  ranging  between  about  0.0004 
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Fig.  398.  The  Waves  of  Visible  Light  differ  in  Length 


millimeter  and  about  0.0008  millimeter.  These  are  light 
waves.  The  longest  waves  of  visible  light  are  about  twice 
as  long  as  the  shortest  waves  of  visible  light.  The  lengths 
of  waves  of  different  colors  are  shown  in  Fig.  398. 

As  a  first  step  in  the  study  of  light  and  color  you  should 
make  some  observations.  Place  a  glass  prism  in  the  path 
of  a  beam  of  bright  light,  as  shown  in  Fig.  399.  When  the 
light  falls  upon  a  piece  of  white  paper  or  on  the  wall,  you 
may  see  the  colors  of  the  spectrum  arranged  in  order  from 
red  to  violet. 

What  causes  the  spectrum  ?  The  explanation  lies  in  the 
fact  that  ordinary  white  light  is  a  mixture  of  light  waves 
of  all  the  range  of  wave  lengths  included  White  light  is  a 
in  visible  light ;  that  is,  it  is  a  mixture  mixture  of  light 
of  light  waves  ranging  in  length  between  waves 
about  0.0004  and  0.0008  millimeter.  You  may  remember 
from  previous  study  that  the  speed  of  all  these  waves,  re¬ 
gardless  of  length,  —  in  fact,  the  speed  of  all  forms  of  radi¬ 
ant  energy,  —  is  the  same  through  empty  space.  Notice 
especially  the  words  through  empty  space,  Ligh{  traveIs  more 
for  they  are  part  of  the  answer.  Even  slowly  through 
air  has  some  effect  in  slowing  down  the  5™^ \hanSub 
speed  of  light  waves.  Now  come  back  to  through  empty 
your  prism.  When  the  waves  pass  through  space 
this  piece  of  glass,  they  are  not  passing  through  empty 
space  but  through  a  transparent  substance.  Here  they 
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Fig.  399.  The  Colors  of  a  Spectrum  are  caused  by  a  Bending  of  the  Light 
Rays  as  the  Light  passes  through  a  Spectrum 


travel  more  slowly  than  through  space,  and  the  shorter 
waves  are  held  back  more  than  the  longer  ones.  In  order 
to  understand  the  prism,  it  will  be  necessary  to  study 
Fig.  399  and  your  own  prism  very  carefully.  Keep  in  mind 
that  if  light  traveled  through  glass  with’ the  same  speed  as 
through  air,  nothing  would  happen  and  no  spectrum  would 
be  formed. 

Notice,  however,  that  the  beam  in  the  figure  strikes  the 
prism  at  a  sharp  angle  and  that  the  light  on  one  side  of  the 
The  colors  of  the  beam  enters  the  glass  before  the  light  on 
the  other  side  enters.  The  glass  holds  back 
the  light  (slows  its  speed).  Thus  the  light 
which  enters  first  is  held  back  first.  This 
turns  the  beam  away  from  a  straight  line, 
as  shown  in  the  figure.  In  the  glass  the 
longest  waves  move  the  fastest,  and  consequently  their 
direction  is  changed  least.  The  shortest  waves  move  the 
slowest,  and  their  direction  is  changed  most. 

Besides,  since  the  glass  is  in  the  form  of  a  prism,  the 
waves  whose  direction  is  changed  most  must  pass  through 
the  greatest  thickness  of  glass,  as  in  A  of  the  picture. 

When  the  beam  comes  out  on  the  other  side  of  the  prism, 
the  waves  which  travel  fastest  through  glass  (that  is,  the 
longest)  come  out  first  and  continue  from  the  glass  with 


spectrum  are 
separated  by  a 
prism  because  rays 
of  different  wave 
lengths  travel  with 
different  speed 
through  glass 


677 


Light  and  Optical  Instruments 

the  speed  with  which  they  traveled  before  entering  the 
glass.  The  waves  which  travel  slowest  in  the  glass  (that 
is,  the  shortest)  are  held  back  the  most.  This  causes  the 
ray  of  shortest  wave  length  to  turn  most  from  the  straight 
line  along  which  it  was  traveling  before  entering  the  prism. 
All  the  rays  as  they  entered  the  glass  were  traveling  along 
parallel  lines.  After  they  leave  the  glass,  they  travel  in 
straight  lines,  but  all  have  been  turned  from  the  lines 
along  which  they  were  traveling  when  they  entered  the 
glass.  Since  the  rays  of  longest  wave  length  are  turned 
least  and  the  rays  of  shortest  wave  length  are  turned  most, 
the  rays  are  spread  out,  arranged  in  order  of  wave  length 
from  longest  to  shortest.  The  longest  waves  produce  red, 
and  the  shortest  waves  produce  violet.  The  other  colors 
range  in  wave  length  between  these  two  extremes.  When 
the  beam  falls  on  a  white  surface  held  some  distance  from 
the  prism,  you  recognize  the  colors  of  the  spectrum. 

Now  let  the  light  fall  upon  a  piece  of  brilliant-red  paper. 
The  effect  will  show  more  clearly  if  the  observations  are 
taken  in  a  darkened  room.  In  this  case  the 
red  is  clearly  visible.  If  the  paper  is  a  pure  absorb  all  or  part 
red,  no  other  color  than  red  will  he  seen,  of  the  light  rays; 

T  . .  ,  i  ,  _  i  i  others  reflect  them 

In  the  same  manner  try  a  sheet  of  blue 
paper.  Now  only  blue  is  clearly  visible.  You  may  continue 
these  observations  with  as  many  different  colors  of  paper 
as  you  have.  The  striking  thing  in  these  observations  is 
that  the  color  which  appears  clearest  on  the  colored  paper 
is  the  same  as  the  color  of  the  paper.  What  happens  when 
you  use  a  piece  of  black  paper?  In  the  case  of  black  no 
colors  appear  ;  all  are  absorbed. 

The  explanation  of  these  observations  is  that  a  colored 
object  reflects  only  light  of  a  certain  wave  length.  The  com¬ 
position  of  the  substance  is  such  that  all  other  rays  are  ab¬ 
sorbed.  A  blue  dress,  for  example,  is  blue  because  the  dye 
in  the  dress  reflects  only  the  wave  length  of  light  which 
gives  the  sensation  of  blue.  Similarly  a  red  dress  reflects 
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White  paper 
All  rays  reflected 


Green  leaf 
Green  ray  reflected 


Fig.  400.  The  Color  of  a  Substance  is  Due  to  the  Character  of  the  Light 
which  it  Reflects 


only  the  wave  length  that  gives  the  sensation  of  red.  The 
white  object  reflects  all  wave  lengths.  The  black  object 
absorbs  all  of  them.  The  sensation  which  is  interpreted  as 
white  is  a  result  of  the  influence  of  all  the  rays  mixed  to¬ 
gether  in  the  same  manner  as  they  are  in  sunlight.  The 
sensation  which  is  interpreted  as  black  is  a  result  of  the 
fact  that  a  black  object  reflects  no  colors.  Perhaps  Fig.  400 
will  make  this  clearer. 

Thus  you  see  that  all  color  is  really  due  to  the  fact  that 
radiant  energy  of  different  wave  lengths  has  a  different 
effect  on  the  retina  of  the  eye.  Differences  in  color  are 
caused  by  differences  in  the  structure,  composition,  and 
properties  of  various  substances. 


B.  What  are  Infra-Red  and  Ultra-Violet  Rays? 

In  your  experiment  with  the  prism  you  learned  that  the 
longest  waves  of  visible  light  are  the  red,  and  the  shortest 
ones  are  the  violet.  These  are  not  the  extremes  of  the  rays 
received  from  the  sun. 

There  are  waves  in  the  sun's  rays  coming  to  the  earth 
that  are  longer  than  red,  and  waves  that  are  shorter  than 
violet.  We  do  not  call  them  waves  of  light  because  the  eye 
is  not  sensitive  to  them.  If  you  could  explore  the  spectrum 


Fig.  401.  Isaac  Newton,  who  first  stated  the  Principle  of 
Gravitation  ( 1 642-1 727 ) 

Just  a  hundred  years  after  the  death  of  Copernicus  and  in  the  same  year  that 
Galileo  died,  Isaac  Newton  was  bom  in  England.  During  this  century  scien¬ 
tific  knowledge  had  increased  by  leaps  and  bounds.  Galileo  had  first  turned 
the  telescope  toward  the  heavens.  The  Copernican  theory  had  been  accepted 
by  scientists.  Kepler  had  stated  his  laws  of  motion,  while  Tycho  Brahe  in  his 
fine  new  observatory  in  Denmark  had  studied  the  motion  of  comets  and  new 
stars  •  Newton  was  bom  on  Christmas  Day,  1642,  a  three-pound  babe  whom  no 
one  expected  to  live.  His  people  had  all  been  more  or  less  successful  farmers, 
and  it  was  natural  that  he  should  be  one.  But  all  his  interests  seemed  to  center 
about  hard  problems  in  mathematics.  He  went  through  college,  and  at  twenty- 
six  he  became  a  professor  of  mathematics  at  Cambridge  University  •  It  has 
been  said  that  Newton  discovered  the  principle  of  gravitation  from  observa¬ 
tion  of  apples  as  they  fell  from  a  tree.  This  is  probably  not  true  at  all.  Yet 
it  is  true  that  the  principle  was  worked  out  from  carefully  controlled  observa¬ 
tions.  Through  the  use  of  mathematics  Newton  extended  the  laws  of  motion 
already  discovered  by  Kepler.  He  explained  the  cause  of  tides.  He  made  the 
first  reflecting  telescope.  He  invented  the  calculus,  a  method  for  solving  some 
particularly  difficult  problems  in  mathematics.  He  had  a  notion  that  light  was 
made  up  of  very  tiny  particles,  which  he  called  corpuscles.  Today  leading  stu¬ 
dents  of  physics  are  wondering  if  in  a  sense  he  wasn’t  right  •  Isaac  Newton 
was  one  of  the  most  brilliant  men  who  ever  lived.  He  wTas  knighted  by  the 
king,  and  he  was  buried  with  honor  in  Westminster  Abbey. 
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with  a  photo-electric  cell,  you  could  find  plenty  of  evi¬ 
dence  that  there  is  radiant  energy  outside  the  range  of  the 
™  colors.  The  waves  longer  than  those  that 

rays  that  are  in-  produce  the  sensation  of  red  are  called 
visible  infra-red.  Those  shorter  than  the  ones 

that  produce  the  sensation  of  violet  are  the  ultra-violet.  In 
the  study  of  ultra-violet  rays  you  must  use  a  quartz  prism 
because  these  rays  are  unlike  light  and  will  not  pass  through 
ordinary  glass.  They  do  pass  through  quartz  very  much 
as  light  does. 

The  shortest  waves  reaching  the  earth  from  the  sun  have 
a  wave  length  of  about  0.0003  millimeter.  The  longest 
waves  are  of  about  0.0025  millimeter.  Those  shorter  than 
0.0004  millimeter,  that  is,  shorter  than  the  waves  of  violet 
light,  are  within  the  range  of  the  ultra-violet.  Those  longer 
than  0.0008  millimeter,  that  is,  longer  than  the  waves  of 
red  light,  are  within  the  range  of  the  infra-red.  The  longest 
waves  that  reach  the  earth  from  the  sun  are  about  eight 
times  as  long  as  the  shortest. 

The  full  effect  of  infra-red  rays  is  not  yet  known.  It  has 
been  found  that  if  a  camera  is  fitted  with  a  filter  that 
allows  only  infra-red  rays  to  pass  through,  clear  photo¬ 
graphs  may  be  secured  of  objects  at  a  great  distance.  Such 
photographs  may  be  taken  in  darkness  if  infra-red  rays  are 
present.  Infra-red  does  not  produce  light,  for  it  does  not 
affect  the  retina.  While  these  rays  are  invisible  to  the  hu¬ 
man  eye,  they  may  be  recorded  by  specially  prepared  pho¬ 
tographic  plates.  The  picture  at  the  left  in  Fig.  402  was 
taken  with  a  regular  camera  and  film.  The  one  at  the  right 
was  taken  with  a  special  filter  and  film  sensitive  to  infra¬ 
red  rays.  Do  you  see  any  differences?  One  reason  for  the 
differences  is  that  infra-red  rays  penetrate  fog  better  than 
ordinary  light  does. 

Do  all  kinds  of  rays  given  off  from  the  sun  reach  the  earth  ? 
The  proper  answer  to  this  question  is  "no.”  There  can  be 
no  doubt  that  rays  of  shorter  and  of  longer  wave  lengths 
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Fig.  402.  Infra-Red  Rays  penetrate  Fog  and  make  Clear  Photographs 

Possible 

These  two  pictures  were  taken  from  approximately  the  same  distance.  The  one 
at  the  left  was  taken  with  a  regular  lens  ;  the  one  at  the  right,  with  a  lens  sensi¬ 
tive  to  infra-red  rays 

than  those  that  reach  the  earth  are  given  off  by  the  sun. 
The  ones  which  can  be  identified  on  earth  are  those  which 
pass  through  the  atmosphere.  Other  rays,  it  is  believed, 
are  absorbed  in  the  thin  atmosphere  of  c  , 
high  altitudes,  perhaps  some  hundred  miles  tion  does  not  reach 
above  the  surface  of  the  earth.  The  ab-  the  earth 
sorbing  of  the  infra-red  radiation  by  the  thin  atmosphere 
of  high  altitudes  probably  heats  the  upper  air  to  a  higher 
temperature  than  the  air  at  the  surface  of  the  earth  is 
heated.  These  rays  and  others  may  affect  the  upper  air 
in  other  ways. 

C.  Why  does  a  Microscope  make  Things  that  are  Near 
appear  Larger? 

In  your  study  of  the  human  eye  you  learned  that  the 
lens  in  the  eye  brings  light  to  a  focus  so  that  images  of 
objects  are  formed  on  the  retina.  The  optic  nerve  is  able 
to  register  the  effect  of  these  images  on  the  brain,  and  this 
gives  us  the  sense  of  sight.  The  lens  in  a  camera  (as  you 
can  see  from  Fig.  403)  is  similar  to  the  lens  in  the  eye, 
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Light  passing  through  the  lens  is  focused  upon  the  film. 
The  image,  as  you  have  learned,  is  recorded  in  a  chemical 
effect  that  is  produced  on  the  film.  This 

The  lens  of  3  /-«  ±  p  1 1  •  i  j  i 

camera  is  similar  effect  from  the  image  appears  when  the 

to  the  lens  in  a  film  is  developed.  Suppose  we  study  lenses 

human  eye  ,  .  , 

at  greater  length. 

Use  a  lens  of  a  reading  glass  like  the  one  you  used  in  the 
study  of  the  eye.  Let  the  light  from  the  sun  pass  through 
.  .  the  lens  and  on  to  the  table  top.  You  prob- 

rays  of  light  to  a  ably  know  that  light  may  be  focused,  as 
focus  shown  in  Fig.  404.  The  point  at  which  the 

parallel  rays  come  together  is  called  the  principal  focus  of 
the  lens.  The  distance  from  the  lens  to  its  principal  focus 
,  is  the  focal  length. 

Y  ou  know,  too,  that 
infra-red  waves,  that 
is,  the  waves  that  pro¬ 
duce  heat,  are  focused 
just  the  same  as  the 
light  waves  are,  for 
the  spot  on  the  table 
at  which  the  rays  are 
focused  is  intensely 
heated.  The  diagram 
shows  the  shape  of 
the  lens.  It  is  double 
convex ;  that  is,  it 
curves  outward  on 
both  sides.  Why  are 
light  rays  brought  to 
a  point  with  a  lens 
like  this  one  ? 

In  your  study  of 
a  prism  you  learned 
that  light  is  bent  from  a  straight  line  as  it  passes  through 
glass.  In  a  prism  the  light  is  turned  toward  the  thick  part 


Fig.  403.  The  Lens  in  a  Camera  is  Similar  to 
the  Lens  in  the  Human  Eye 

What  points  of  similarity  can  you  find  ? 
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Fig.  404.  Parallel  Lines  are  brought  to  a  Focus  after  passing  through 
a  Lens 

The  diagram  illustrates  the  principle  of  an  ordinary  reading  glass 


of  the  glass.  So  it  is  in  a  lens.  In  a  convex  lens  the  thickest 
part  of  the  glass  is  in  the  center,  so  all  the  rays  that  fall  on 
the  glass  are  turned  toward  the  center.  Lig}n  is  turned 
Since  this  is  the  case,  you  may  see  why  from  a  straight 

,  line  and  brought 

parallel  rays  come  to  a  point ;  that  is,  why  to  a  focus  by  a  con. 
they  are  focused  after  passing  through  a  vex  lens 
convex  lens.  The  lens  of  a  camera  is  a  convex  lens,  similar 
to  the  one  in  the  reading  glass.  Use  a  candle  flame  as 
shown  in  Fig.  405  to  study  the  property  of  the  lens  that 
makes  it  useful  in  a  camera.  You  may  be  surprised  to  see 
that  the  image  of  the  candle  is  inverted,  or  turned  upside 
down.  Why  is  it  inverted  ? 

In  Fig.  406  a  straight  line,  AB ,  is  drawn  to  represent  the 
position  of  the  candle,  and  another  line,  A' B',  to  represent 
the  position  of  the  image.  Of  course,  light  rays  come  off 
from  every  point  on  the  flame  and  move  outward  in  every 
direction.  We  are  interested  just  now  in  those  rays  that  pass 
through  the  lens.  The  line  through  0  and  F  in  Fig.  406  is  called 
the  principal  axis  of  the  lens.  A  line  is  drawn  parallel 
to  the  principal  axis  to  represent  one  ray  of  light  from  A. 
Another  is  drawn  through  the  center  of  the  lens  to  rep¬ 
resent  another  ray  from  A.  The  lens  is  curved  so  as  to  make 
these  two  rays  come  together  at  A'.  Similarly  any  other 
ray  of  light  from  the  point  A  that  falls  upon  the  lens  will 
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Fig.  405.  An  Image  of  the  Candle  forms  on  the  Cardboard 
The  convex  lens  is  an  ordinary  reading  glass 


pass  through  A'.  An  image  of  the  point  A  will  form  on  a 
piece  of  white  paper  at  A'.  Similarly  an  image  of  B  will 
form  at  B'.  The  image  of  points  between  A  and  B  will 
form  between  A'  and  B',  so  that  there  will  appear  on  the 
piece  of  paper  a  complete  image  of  the  object  AB. 

In  this  case  the  distance  from  the  lens  to  the  object  is  a 
little  greater  than  the  focal  length.  The  distance  of  the 
image  from  the  lens  is  more  than  twice  the  focal  length. 
The  image  is  larger  than  the  object.  Using  this  lens,  the 
condition  could  be  reversed.  If  the  object  were  set  at  the 
position  indicated  as  "image,”  the  image  would  appear  in 
the  position  indicated  as  "object.”  In  this  case  the  image 
would  be  smaller  than  the  object. 

How  does  the  distance  from  the  center  of  a  convex  lens 
to  its  focus  differ  from  the  distance  from  its  center  to  the 
position  where  the  image  forms?  Notice  that  all  parallel 
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Fig.  406.  This  Diagram  explains  how  the  Image  shown  in  Fig.  405 
is  Formed 


The  object  corresponds  to  the  candle 


rays  come  to  a  point  at  the  focus.  The  image  distance  is 
the  distance  from  the  lens  at  which  all  the  rays  reaching 
the  lens  from  the  same  point  (point  A,  for  example,  in 
Fig.  406)  will  come  to  a  point  after  passing  through  the 
lens.  Obviously  the  rays  from  point  A  cannot  be  parallel 
rays. 

The  distance  from  the  lens  to  the  object  must  be  greater 
than  the  focal  length.  If  the  object  is  very  near  the  focal 
length,  the  image  is  very  large.  If  the 
object  is  very  far  away,  the  image  is  very 
small.  If  the  distance  between  the  object 
and  the  lens  is  less  than  the  focal  length 
of  the  lens,  no  image  to  correspond  to  A' B' 
in  Fig.  406  is  produced.  Another  effect  is  produced,  how¬ 
ever,  which  we  shall  study  in  a  moment  in  connection  with 
the  simple  microscope. 

The  lens  in  Fig.  407  is  similar  to  the  one  used  in  a  picture 
lantern.  The  "object”  in  a  picture  lantern  like  the  one  in 
Fig.  408  is  a  lantern  slide.  This  is  brilliantly  lighted  by  a 
powerful  lamp.  The  two  lenses  at  the  left  of  the  slide  serve 
merely  to  concentrate  the  light  on  the  slide.  The  image  on 
the  screen  is  formed  by  the  lens  at  the  right  of  the  slide.  The 
slide  is  fairly  close  to  this  lens,  just  outside  the  principal 


The  size  of  the 
image  produced  by 
a  lens  depends  in 
part  upon  the  dis¬ 
tance  of  the  object 
from  the  lens 
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Fig.  407.  In  a  Picture  Lantern  Light  is  concentrated  on  the  Slide  and  a 
Bright  Image  of  the  Picture  on  the  Slide  forms  on  the  Screen.  Compare 
this  with  Fig.  406 


focus.  The  image  on  the  screen  is  far  away  from  the  lens 
and  consequently  very  much  enlarged. 

Now  use  your  reading  glass  again,  this  time  as  a  simple 
magnifier.  Place  a  penny  on  the  table  and  view  it  through 
the  glass.  Why  does  it  appear  large?  Again  follow  some 
lines  that  show  the  direction  of  rays  of  light  from  the 


Ewing  Galloway 

Fig.  408.  A  Picture  Lantern  is  an  Arrangement  of  Several  Lenses 
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Fig.  409.  When  an  Object  is  viewed  through  a  Reading  Glass,  it  appears 
Greatly  Magnified 

penny.  The  line  AB  in  Fig.  409  represents  the  diameter  of 
the  penny.  Notice  in  this  case  that  the  distance  from  the 
object  to  the  lens  is  less  than  the  focal  a  reading  glass  is 
length  of  the  lens.  One  line  from  A  is  a  simPle  magnifier 
drawn  parallel  to  the  principal  axis  of  the  lens.  Another 
line  is  drawn  through  the  center  of  the  lens.  Because  of  the 
lens  these  two  lines  do  not  seem  to  come  from  the  point 
A.  They  seem  to  come  from  the  point  A'.  Similarly  all  the 
rays  from  A  would  seem  to  come  from  A'.  For  the  same 
reason  all  the  rays  from  B  would  seem  to  come  from  Bf. 
All  the  light  passing  from  the  penny  through  the  lens  is 
spread  over  a  circle  whose  radius  is  A'B'.  Therefore  the 
penny  seems  much  enlarged. 

What  is  a  compound  microscope  ?  A  single  lens  like  the 
one  you  have  just  used  may  be  called  a  simple  microscope. 
A  compound  microscope,  shown  in  Fig.  ^ 

410,  is  one  with  at  least  two  lenses.  The  microscope1  is  a 
lens  nearer  the  object,  the  objective,  is  one  Jg^ination  of 
of  short  focus.  The  object  to  be  examined 
is  mounted  on  a  glass  slide  and  placed  just  a  little  farther 
from  the  lens  than  the  focal  length  of  the  lens.  This  ar¬ 
rangement  is  the  same  as  shown  in  Fig.  406,  and  an  en¬ 
larged  image  forms  at  about  the  position  marked  "image” 
in  Fig.  410.  But  the  distance  between  the  image  and  the 
eyepiece  lens  is  less  than  the  focal  length  of  the  lens.  This 
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arrangement  is  the  same  as  in  Fig.  409,  and  the  eyepiece 
lens  magnifies  the  image. 

The  object  shown  in  Fig.  410  may  be  1  millimeter  in 
diameter.  In  a  typical  case  the  image  formed  by  the 

objective  lens  would  be 
32  millimeters  in  diame¬ 
ter;  and  when  this  im¬ 
age  is  viewed  through 
the  eyepiece,  its  diameter 
would  appear  to  be  ten 
times  greater  than  it  ap¬ 
pears  to  be  in  the  image. 
The  objective  magnifies 
thirty-two  times,  and  the 
eyepiece  magnifies  ten 
times ;  therefore  if  the 
object  is  1  millimeter  in 
diameter,  it  would  appear 
through  the  microscope 
to  be  320  millimeters  in 
diameter.  In  other  words, 
the  object  is  magnified 
three  hundred  and  twenty 
times. 

What  are  the  limits 
within  which  an  object 
Lenses  are  so  combined  as  to  Greatly  Can  be  magnified?  We 
Magnify  the  Object  see  an  object  by  the  light 

that  comes  from  it.  As 
the  object  is  enlarged  more  and  more,  the  light  from  a 
unit  area  becomes  less  and  less.  As  an  object  is  more  and 
more  highly  magnified,  more  and  more  light  is  required  to 
make  it  visible.  There  is,  of  course,  a  practical  limit  beyond 
which  it  is  useless  to  try  to  magnify  any  object.  Compound 
microscopes  have  a  concave  mirror  beneath  the  objective 
which  serves  to  concentrate  light  on  the  object. 


Fig.410.  In  a  Compound  Microscope  the 
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D.  How  does  a  Telescope  make  Things  that  are  Distant 
appear  Larger? 


The  simplest  telescope  (called  a  refracting  telescope)  is, 
in  some  features,  similar  to  a  microscope.  There  are  two 
double-convex  lenses :  a  large  one  with  a  long  focal  length 
at  the  upper  end  of  the  instrument,  and  a  small  one  at  the 
lower  end.  In  the  tele¬ 
scope  of  the  Yerkes  N 
Observatory  (shown  in 
Fig.  411)  the  outer  lens 
is  40  inches  in  diame¬ 
ter.  Its  focal  length  is 
more  than  60  feet.  A 
bundle  of  light  40 
inches  in  diameter 
may  enter  the  lens 
from  a  star.  The  star 
is  so  far  away  that 
the  rays  from  it  are 
almost  parallel.  The 
image  of  this  point  of 
light  forms  at  the 
focus  of  the  lens.  The 
star  is  not  magnified. 

It  remains  a  point  of 
light,  but  it  is  a  much 
brighter  point  when 
seen  through  the  tel¬ 
escope.  Images  of  other  stars  within  the  field  of  the  tele¬ 
scope  are  also  formed  at  the  focus  of  the  lens.  The  moon  is 
of  course  much  nearer  than  the  star;  yet  The  simplest  form 
it  is  so  far  away  that  rays  from  it  are  of  telescope  is  the 
almost  parallel.  In  a  similar  manner,  then,  refractor 
images  of  points  on  the  moon  would  form  at  the  focus  of 
the  lens.  Notice  that  the  image  forms  at  the  focus  only 


Fig.  411.  The  Refracting  Telescope  is  the 
Simplest  Form  of  Telescope 

This  picture  shows  the  instrument  of  the 
Yerkes  Observatory 
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when  the  source  of  light  is  so  far  away  that  the  rays  from 
it  are  almost  parallel.  The  image  formed  at  the  focus  is 
magnified  by  the  eyepiece  lens.  When  a  lens  of  0.25-inch 
focal  length  is  used  as  the  eyepiece  of  the  Yerkes  telescope, 
the  object  is  magnified  three  thousand  diameters.  Two 
stars  seen  through  this  telescope  would  seem  to  be  three 
thousand  times  farther  apart  than  they  seem  to  be  when 
seen  with  the  naked  eye.  Venus  has  a  noticeable  diameter. 
When  seen  through  this  telescope,  the  moon  would  appear 
to  be  three  thousand  times  larger  than  when  seen  with  the 
naked  eye.  In  a  refracting  telescope  the  big  lens  makes 

a  bright  image  of  the 
distant  object.  It  is 
formed  in  a  position 
in  which  it  may  be 
magnified  by  the  lens 
or  lenses  in  the  eye¬ 
piece. 

The  largest  tele¬ 
scope  in  the  world 
today  is  the  one  at 
Mt.  Wilson  in  Califor¬ 
nia.  It  is  a  reflecting  telescope.  Light  from  a  distant  object 
is  brought  to  a  focus  by  means  of  a  curved  mirror.  The 
mirror  of  the  Mt.  Wilson  telescope  is  100  inches  in  diameter. 

What  is  meant  by  reflection ?  When  light  falls  upon  an 
ordinary  plane  mirror,  it  is  reflected,  and  you  can  see  your 
A  reflecting  tele-  image  in  the  glass  by  reflected  light.  Sup- 
to°PatherSl',ghtirr0r  Pose  the  mirror  has  a  curved  surface  like 
The3 imagers  then  the  one  in  Fig.  412.  The  light  is  reflected 
magnified  so  as  £0  bring  it  to  a  point.  The  position 

at  which  the  light  comes  to  a  point  is  the  focus  of  the 
curved  mirror.  In  the  reflecting  telescope,  light  from  a 
distant  object  is  reflected  to  a  plane  mirror  that  is  set  in 
position  as  shown  in  Fig.  412.  Light  is  reflected  from  the 
plane  mirror  into  the  eyepiece,  where  the  image  is  mag- 


Fig.  412.  In  a  Reflecting  Telescope  the  Light 
is  gathered  by  a  Mirror,  after  which  the 
Image  is  Magnified 
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nified  just  as  in  the  eyepiece  of  the  refracting  telescope. 
Photographs  of  heavenly  bodies  are  made  by  attaching  a 
camera  to  the  eyepiece.  The  photographs  of  stars  and  star 
clusters  shown  in  the  next  chapter  were  made  through  the 
Mt.  Wilson  telescope. 


White  light  is  a  mixture  of  light  rays  of  different  lengths  and 
thus  of  different  colors.  Color  is  produced  by  the  properties  of 
materials  which  permit  them  to  absorb  or  reflect  waves  of  dif¬ 
ferent  lengths.  A  lens  focuses  the  rays  of  light  to  a  point.  Such 
instruments  as  microscopes,  projecting  lanterns,  and  telescopes 
are  based  upon  applications  of  the  principles  of  the  lens. 


Can  You  Answer  these  Questions  ? 

1.  Can  you  make  a  list  of  the  colors  in  the  spectrum  in  order, 
from  short  wave  lengths  to  long  wave  lengths  ? 

2.  Why  is  a  spectrum  formed  when  light  passes  through  a 
glass  prism,  but  not  when  it  passes  through  a  pane  of  window 
glass  or  plate  glass  ? 

3.  What  is  the  scientific  explanation  of  the  color  of  a  red 
apple,  a  white  sheet  of  paper,  or  a  black  coat  ? 

4.  In  what  ways  is  the  lens  in  a  camera  similar  to  the  lens, 
in  a  human  eye? 

5.  What  is  the  principal  focus  of  a  lens?  the  focal  length? 

6.  Why  is  the  image  of  an  object  upside  down  after  the  re¬ 
flected  rays  of  light  pass  through  a  convex  lens  ? 

7.  What  is  the  explanation  of  the  enlarged  object  you  see 
when  you  look  at  a  penny  through  a  reading  glass  ? 

8.  What  are  the  principles  which  explain  a  simple  microscope? 
a  compound  microscope  ? 

9.  What  is  the  difference  between  a  refracting  telescope  and 
a  reflecting  telescope? 
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Questions  for  Discussion 

1.  If  it  is  true  that  a  cat  can  see  in  the  dark  better  than  we 
can,  what  may  be  a  possible  explanation  ? 

2.  Is  black  a  color  ?  white  ?  infra-red  ?  ultra-violet  ?  Explain. 

3.  What  is  really  meant  when  it  is  said  that  a  camera  is  out 
of  focus? 

4.  If  you  look  into  a  convex  mirror,  you  look  much  bigger 
than  you  really  are.  Why  should  this  be  so  ? 

5.  Can  you  think  of  any  relative  advantages  or  disadvantages 
of  a  refracting  telescope  as  contrasted  with  a  reflecting  telescope  ? 

6.  If  radio  waves,  like  light,  travel  in  straight  lines,  and  if 
the  earth  is  round,  how  is  it  that  we  can  hear  broadcasts  direct 
from  England? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Set  up  an  experiment  to  show  that  light  travels  in  a  straight 
line. 

2.  Make  a  pinhole  camera  and  take  some  pictures  with  it. 

3.  Set  up  the  prism  experiment  described  in  this  chapter.  Let 
the  rays  of  light,  after  they  pass  through  the  first  prism,  fall  upon 
another  prism.  Place  a  piece  of  paper  behind  the  second  prism. 
What  colors  fall  upon  the  paper  ?  What  explanation  is  there  ? 

4.  Is  light  bent  when  it  passes  through  water?  How  should 
you  find  out  ? 


Chapter  XXXI  •  How  have  New  and  Better  Tools 
extended  our  Information  about  the  Universe? 

A.  How  did  Galileo’s  Telescope  change  Men’s  Notions 
of  the  Earth  and  Sky? 

When  Thales  was  wondering  about  eclipses  and  Eratos¬ 
thenes  was  measuring  the  circumference  of  the  earth,  they 
had  no  telescopes  to  aid  them.  They  used  only  their  naked 
eyes  and  inaccurate  instruments  for  measuring  angles. 
They  had  little  knowledge  of  physics,  no  algebra  or  higher 
mathematics  except  geometry,  and  no  knowledge  of  the 
nature  of  light  or  the  structure  of  matter.  Nor  were  the 
leaders  in  European  universities  two  thousand  years  later 
much  better  equipped. 

It  was  not  until  the  year  1610  that  Galileo  turned  his 
first  telescope  toward  the  heavens  and  witnessed  phenom¬ 
ena  that  changed  men's  thought  for  all  [n  161Q  Galileo 
time.  A  few  years  earlier  a  Dutch  opti-  turned  his  first 
cian  had  made  the  first  compound  micro-  telesc°Pe  skyward 
scope.  Shortly  afterwards  another  Dutch  optician  made 
what  was  probably  the  first  telescope.  Many  enjoyed  this 
new  toy  and  talked  about  it. 

Soon  Galileo  heard  about  this  new  instrument,  and, 
thinking  it  would  be  useful  to  him  in  studying  the  heavens, 
he  set  about  making  one  for  himself.  He  soon  had  an  in¬ 
strument  with  which  he  could  see  objects  "three  times  as 
near  and  nine  times  as  large"  as  with  his  eyes  alone.  His 
most  powerful  instrument  was  one  which  magnified  about 
thirty-three  diameters.  Some  very  troublesome  practical 
difficulties  had  to  be  met  before  a  more  powerful  instru¬ 
ment  than  this  could  be  built.  But  this  instrument,  small 
indeed  in  comparison  with  the  giant  refracting  telescope  in 
the  Yerkes  Observatory,  was  sufficient  to  open  a  new  world 
to  its  maker. 
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Galileo  looked  in  turn  at  the  stars,  the  moon,  the  sun, 
and  the  planets.  He  peered  through  his  telescope  in  the 
Galileo  saw  the  direction  of  the  Milky  Way.  It  wasn’t  gas, 
stars  in  the  Milky  after  all !  That  cloudy  whiteness  was  made 
up  of  countless  points  of  light  —  stars  that 
no  one  had  ever  known  before!  He  looked  at  the  moon. 
Its  clear,  bright  surface  was  scarred  and  rough.  It  appeared 
„  to  be  speckled  with  mountains.  Even  the 

on  the  moon  and  sun  bore  huge  dark  spots  —  and  change 
spots  on  the  sun  jn  pOSjtion  of  these  spots  seemed  to  show 
that  the  sun  was  rotating  on  an  axis.  You  already  know 
that  one  of  Galileo's  first  discoveries  was  the  phases  of 

Venus.  These  had 
been  predicted  by  Co¬ 
pernicus,  but  proof 
of  the  prediction  had 
to  await  the  telescope. 

Next  Galileo  looked 
at  the  planet  Jupi¬ 
ter.  Let  him  tell  you 
about  it  in  his  own 
words : 


©  Bausch  and  Lomb  Optical  Company 

Fig.  413.  Galileo  was  One  of  the  First 
Modern  Astronomers 


On  the  seventh  day 
of  January  in  the  pres¬ 
ent  year  when  I  was 
viewing  the  constella¬ 
tions  of  the  heavens 
through  a  telescope,  the 
planet  Jupiter  presented 
itself  to  my  view,  and 
as  I  had  prepared  for 
myself  a  very  excellent  instrument,  I  noticed  a  circumstance 
which  I  had  never  been  able  to  notice  before,  owing  to  want  of 
power  in  my  other  telescope,  namely,  that  three  little  stars,  small 
but  very  bright,  were  near  the  planet ;  and  although  I  believed 
them  to  belong  to  the  number  of  the  fixed  stars,  yet  they  made 
me  somewhat  wonder,  because  they  seemed  to  be  arranged 
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exactly  in  a  straight  line,  parallel  to  the  ecliptic,  and  to  be 
brighter  than  the  rest  of  the  stars,  equal  to  them  in  magnitude. . . . 
I  scarcely  troubled  at  all  about  the  distance  between  them  and 
Jupiter,  for,  as  I  have  already  said,  at  first  I  believed  them  to  be 
fixed  stars ;  but  when  on  January  8th,  led  by  some  fatality,  I 
turned  again  to  look  at  the  same  part  of  the  heavens,  I  found  a 
very  different  state  of 
things,  for  there  were 
three  little  stars  all 
west  of  Jupiter  and 
nearer  together  than  on 
the  previous  night. 

These  little  " stars” 
proved  to  be  the 
moons  of  Jupiter. 

Further  observation 
showed  a  fourth  little 
"star”  that  had  been 
eclipsed  at  first  by  its 
giant  planet.  Fig.  414 
shows  a  photograph  of  Jupiter  and  four  of  its  moons, 
taken  through  the  telescope  of  the  Yerkes  Observatory. 
Here  indeed  was  something  to  talk  about !  Galileo  discovered 
A  little  world  system  out  there  in  space  Jupiter’s  moons 
behaving  just  as  Copernicus  had  said  the  planets  were  be¬ 
having  with  respect  to  the  sun.  Was  he  right?  Galileo* 
for  one,  believed  that  he  was. 


Y erkes  Observatory 


Fig.  414.  This  Observation  of  Jupiter  and 
its  Moons  has  been  Important  in  explaining 
the  Origin  of  the  Solar  System 


B.  How  has  the  Use  of  Mathematics  increased  Man’s 
Knowledge  of  the  Universe? 

In  the  year  that  Galileo  died  Isaac  Newton  was  born. 
Newton,  during  the  eighty-five  years  of  his  lifetime,  saw 
scientific  thinking  and  scientific  achievement  come  into 
their  own.  And  his  own  contributions  were  in  a  large  way 
responsible  for  the  advance  in  thinking. 

Newton  was  one  of  the  ablest  students  of  mathematics 
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the  world  has  ever  produced.  The  Greeks  and  Egyptians 
had  known  quite  a  good  deal  of  geometry.  They  were  good 
Newton  was  a  surveyors  and  good  navigators.  The  Ara- 
genius  in  mathe-  bians,  introducing  their  culture  into  Eu- 
matlcs  rope  through  Spain,  had  brought  the  main 

principles  of  algebra  along  with  the  Arabic  numerals. 
Kepler  was  a  German  interested  in  astronomy  and  mathe¬ 
matics  who  lived  at  the  same  time  as  Galileo.  He  had 
combined  algebra  and  geometry  in  such  a  way  as  to  get 
equations  that  showed  how  the  planets  travel  in  ellipses 
about  the  sun.  He  measured  also  their  relative  masses  and 
distances.  He  too  was  convinced  that  the  Copernican 
theory  was  correct.  His  conviction  was  strengthened  by 
his  calculations,  while  Galileo’s  rested  chiefly  upon  what 
he  had  seen  with  his  telescopes. 

Newton,  however,  went  far  beyond  these  men  in  his 
thinking.  He  invented  the  system  of  mathematics  called 
the  calculus.  This  is  a  system  of  mathematical  thinking 
used  in  work  with  variable,  or  changing,  quantities.  This 
system  was  extremely  useful  in  the  study  of  the  motions 
of  heavenly  bodies.  Geometry  and  trigonometry  are  the 
kinds  of  mathematics  used  in  the  study  of  fixed  points. 
The  calculus  is  the  kind  of  mathematics  which  is  useful 
in  the  study  of  objects  in  motion.  Through  the  use  of  the 
calculus  and  with  the  aid  of  countless  careful  and  accurate 
observations  Newton  worked  out  the  law  of  gravity  about 
,T  „  ,  ,  which  you  have  already  learned  some 

out  the  law  of  things.  It  may  be  stated  briefly  as  follows : 

"Every  particle  of  matter  in  the  universe 
attracts  every  other  particle  with  a  force  directly  propor¬ 
tional  to  their  masses  and  inversely  proportional  to  their 
distances." 

Stated  in  less  abstract  terms,  this  means  that  every¬ 
thing  in  the  universe  pulls  upon  every  other  thing  and  that 
the  force  of  the  pull  depends  upon  the  masses  of  the  ob¬ 
jects,  the  greater  masses  exerting  more  pull  on  each  other 
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than  smaller  masses  exert  on  each  other.  Then,  too,  ob¬ 
jects  that  are  near  each  other  exert  more  pull  than  objects 
far  apart,  and  the  law  tells  exactly  how  much  more. 
Newton's  equations  cannot  be  written  here,  but  it  may 
give  you  an  idea  of  their  complex  nature  if  we  tell  you  that 
just  those  equations  having  to  do  with  the  motions  of  the 
moon  about  the  earth  and  the  forces  exerted  by  the  two 
bodies  upon  each  other  fill  books  larger  than  the  one  you 
are  reading. 

Such  careful  equations  were  used  by  others  of  Newton's 
contemporaries.  You  may  know  that  his  friend  Halley 
predicted  the  return  of  a  comet  whose  speed  and  path  in 
the  sky  he  had  determined  by  the  use  of  mathematics. 
The  paths  of  the  planets  and  their  moons  were  mapped 
accurately,  and  eclipses  were  now  predicted  within  a  sec¬ 
ond  of  their  actual  occurrence. 

As  an  example  of  the  use  to  which  mathematics  may  be 
put  in  astronomy  let  us  take  you  for  a  few  minutes  down 
through  the  years  to  the  middle  of  the  nineteenth  century 
and  the  discovery  of  the  planet  Neptune. 

The  Greeks  and  Egyptians  had  known  and  named  five 
planets  —  Mercury,  Venus,  Mars,  Jupiter,  and  Saturn.  Sir 
William  Herschel  had  discovered  Uranus  with  his  telescope. 

The  next  planet,  Neptune,  was  discovered  with  the  aid 
of  mathematics  and  was  known  to  exist  before  it  had  been 
seen.  Some  fifty  years  after  the  discovery  Mathematics  was 
of  Uranus  astronomers  began  to  realize  an  aid  to  the  dis- 
that  their  calculations  regarding  the  path  covery  of  NePtune 
of  Uranus  were  not  quite  in  agreement  with  observations. 
The  positions  of  Uranus  at  various  times  had  been  ob¬ 
served  and  recorded.  Its  distance  from  the  sun  had  been 
figured.  Its  mass  and  size  had  been  calculated,  and  its 
path  around  the  sun  mapped.  All  this  was  done  by  means 
of  mathematics;  and  since  the  best  students  of  mathe¬ 
matics  in  the  world  had  worked  on  the  problems,  the  figures 
were  probably  correct.  Nevertheless  Uranus  was  not  fol- 
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Fig.  415.  Although  Neptune  is  Invisible  to  the  Naked  Eye,  it  was 
Located  and  its  Orbit  was  drawn  from  Study  of  its  Effects  on  the  Orbit 

of  Uranus 


lowing  exactly  in  the  path  that  was  predicted  for  it  by  these 

calculations.  Scientists  suggested  as  a  theory  to  explain 

these  irregularities  the  supposition  that  there  was  another 

A  theory  was  sug-  planet  beyond  Uranus  and  that  this  un- 

gested  which  pre-  known  planet  was  affecting  the  path  of 

dieted  the  position  TT  ,  „ 

of  an  unknown  Uranus.  Newton  s  law  of  gravity  says 

p'anet  that  every  particle  of  matter  attracts 

every  other  particle.  If  the  unknown  planet  were  big 

enough  or  near  enough,  then  it  could  exert  just  enough 

pull  on  Uranus  to  keep  it  from  moving  in  the  path  along 

which  scientists  thought  it  should  move.  It  was  necessary 

to  test  this  theory  by  careful  study. 

Accordingly  two  young  students  of  mathematics,  both 
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just  out  of  college,  Leverrier  in  France  and  Adams  in 
England,  although  unknown  to  each  other,  set  out  with 
paper  and  pencil  to  locate  the  new  planet.  ,T 

.  .  .  .  .  ..  _  Neptune  was  found 

Their  calculations  showed  that  if  there  in  the  position  pre- 

was  such  a  planet  it  must  be  in  a  certain  dlcted  for  11 
position.  They  located  this  position  by  mathematics  and 
suggested  that  this  position  be  carefully  explored  with  a 
telescope.  Leverrier  wrote  to  a  friend  of  his  who  worked 
in  an  observatory  in  Berlin  —  a  Dr.  Galle.  He  asked  Galle 
to  look  through  his  telescope  for  the  planet,  and  he  gave 
him  instructions  as  to  where  to  look.  Galle  looked,  and 
there  it  was.  His  prompt  action  won  for  him  and  his  friend 
the  credit  of  making  the  discovery.  People  all  over  the 
world  were  interested  in  the  work  of  Adams  and  Leverrier. 
Through  the  use  of  mathematics  Leverrier  had  told  where 
to  find  a  planet  more  than  two  billion  miles  from  the  earth, 
and  Galle,  following  his  instructions,  had  found  it.  The 
orbits  of  these  planets  are  shown  in  Fig.  415. 

A  ninth  planet,  Pluto,  was  discovered  by  similar  methods 
in  1930.  This  little  planet  is  nearly  four  billion  miles  distant 
from  the  sun  and  appears  merely  as  a  point  The  position  of 
of  light  when  viewed  through  our  best  tele-  Pluto  was  pre¬ 
scopes.  Its  path  has  been  charted  with  suffi-  dlcted  from  tlieory 
cient  accuracy  to  show  that  it  is  a  planet,  revolving  about 
the  sun  once  in  about  two  hundred  and  twenty-five  years. 

As  one  more  illustration  of  the  use  of  modern  mathe¬ 
matics  in  astronomy,  let  us  take  you  out  beyond  the  solar 
system  to  that  brightest  of  all  stars,  Sirius.  This  star  is 
nearer  to  us  than  any  other  bright  star  except  one,  and  its 
light  takes  only  a  little  over  eight  years  to  reach  us.  As  star 
distances  go,  this  is  very  near ;  and  a  careful  astronomer 
can  measure  its  motion  from  year  to  year.  In  a  thousand 
years  its  motion  as  measured  from  the  earth  will  be  through 
a  distance  equal  to  the  apparent  diameter  of  the  moon. 

But  over  a  century  ago  careful  observation  showed  that 
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Fig.  416.  Famous  Mathematicians  and  Scientists 
Mathematics  is  used  as  a  tool  for  testing  and  refining  scientific  theories 
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Sirius  was  not  moving  regularly.  Calculations  showed  that 

it  was  being  pulled  from  its  path  apparently  by  some 

other  object  nearly  as  large  as  itself  but  as 

yet  undiscovered.  Indeed,  Sirius  seemed  small  companion86 

to  be  revolving,  with  its  unknown  com-  discovered  by  use 
,  .  «  . .  of  mathematics 

pamon,  about  a  common  center  of  gravity 
once  in  fifty  years.  Sirius  is  a  star  having  a  diameter  half 
as  large  again  as  the  sun,  and  one  would  expect  that  only 
a  rather  large  star  could  exert  enough  force  upon  it  to  pull 
it  thus  far  out  of  its  course.  No  such  object  could  be  seen. 

In  1862  an  American  telescope-maker  turned  his  newest 
and  best  instrument  upon  Sirius.  There  was  the  companion 
star.  But  a  strange  little  companion  it  was !  A  faint  white 
dwarf  star,  the  diameter  of  which  is  about  twice  the  diam¬ 
eter  of  the  earth,  but  whose  mass  is  nearly  four  thousand 
times  as  great  as  the  mass  of  the  earth.  The  average  den¬ 
sity  of  this  companion  to  Sirius  appears  to  be  about  8000 
grams  per  cubic  centimeter.  One  cubic  inch  of  this  star  if 
brought  to  the  earth  would  weigh  about  270  pounds.  How 
may  this  be  explained?  Well,  that  is  difficult  to  tell.  But 
the  many  calculations  which  have  been  made  suggest  that 
such  a  body  does  really  exist. 

Nor  are  these  all  the  uses  of  mathematics  in  modern  as¬ 
tronomy.  Telescope-makers  must  know  exactly  what  shape 
to  make  their  mirrors  and  lenses,  and  in  what  position  to 
mount  them.  This  work  requires  expert  use  of  geometry. 

Distances  to  the  nearer  stars,  to  the  moon,  and  to  the 
planets  may  be  determined  by  careful  measurements  of 
angles,  much  as  surveyors  measure  distances  on  earth.  But 
the  distances  in  space  are  so  great  that  the  utmost  care  must 
be  exercised  in  taking  measurements.  You  have  doubtless 
read  about  the  feats  of  Einstein,  Planck,  Michelson,  de 
Sitter,  and  other  leaders  in  the  field  of  mathematics.  Much 
of  their  work  has  been  in  the  mathematics  of  astronomy. 
The  modern  astronomer  is  no  longer  just  a  "stargazer.” 
He  must  be  an  able  student  of  mathematics  as  well. 
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C.  What  have  Modem  Telescopes  Revealed? 

It  is  a  far  cry  from  Galileo’s  first  little  telescope  that 
would  magnify  an  object  nine  times  to  the  present  giant 

Bigger  and  better  instruments  "equivalent  to  a  human  eye 
telescopes  reveal  one  hundred  inches  in  diameter.”  It  is  not 
new  wonders  strange  that  bigger  and  better  instruments 
have  revealed  new  and  unimagined  sights  —  double  stars 
by  the  thousands,  island  universes  whose  light  takes  mil¬ 
lions  of  years  to  reach 


us,  unknown  moons 
and  planets. 

All  the  largest  of 
our  modern  telescopes 
are  reflectors.  It  is 
a  big  task  to  prepare 
great  pieces  of  glass 
for  these  large  mir¬ 
rors.  A  new  reflector, 
twice  the  diameter  of 
the  one  now  at  Mt. 
Wilson,  is  in  process 
of  construction.  The 
reflector  for  this 
new  instrument  was 
briefly  described  on 
page  284.  It  will  take 
several  years  to  build 
this  200-inch  instrument,  which  will  weigh  nearly  1600 
tons  —  mirror,  mounting,  and  all.  What  new  mysteries 
may  be  revealed  ?  Just  by  way  of  illustration,  this  telescope 
will  bring  the  moon  within  an  apparent  distance  of  24 
miles  of  the  earth !  The  surface  of  the  moon  in  Fig.  417  is  as 
it  would  appear  if  the  moon  were  seen  with  the  naked  eye 
at  a  distance  of  1000  miles.  It  is  expected  that  with  this 
new  instrument  astronomers  will  be  able  to  explore  and 


Fig.  417.  The  Moon  would  appear  like  this 
from  a  Distance  of  One  Thousand  Miles 
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Fig.  418.  The  Spectroscope  has  aided  Astronomers  in  finding  out  about 
Distant  Heavenly  Bodies 


photograph  objects  three  times  as  far  away  as  can  be 
reached  by  the  Mt.  Wilson  telescope.  Already  explorations 
extend  into  space  many  million  times  farther  away  than  the 
sun.  What  new  things  will  be  revealed  by  going  three 
times  farther?  Does  space  go  on  and  on?  Are  there  more 
or  fewer  stars  and  galaxies  at  greater  distances?  There 
are  hundreds  of  unanswered  questions.  Astronomers  await 
with  intense  interest  an  opportunity  to  take  photographs 
through  the  new  telescope,  and  are  eager  to  see  what  the 
pictures  will  show. 


D.  What  is  a  Spectroscope,  and  How  has  it  aided  the 
Progress  of  Astronomy? 

We  are  indebted  to  the  telescope  and  its  assisting  camera 
for  some  of  our  knowledge  regarding  star  distances,  sizes, 
temperatures,  and  speeds.  But  we  are  no  less  indebted  to  a 
second  less  well-known  instrument  called  the  spectroscope. 
Fig.  418  is  a  photograph  of  this  instrument. 
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The  spectroscope  is  an  instrument  used  in  the  analysis, 
or  study,  of  light.  You  know  that  white  light  in  passing 
„  through  a  glass  prism  is  broken  up  into 

The  spectroscope  .  ,  t-i  i  ^  i 

contains  a  prism  various  colors,  Lach  of  these  colors  may 

which  breaks  white  tell  a  definite  story  about  the  object  that 
ig  t  into  co  ors  gave  0ff  this  light,  no  matter  how  far  dis¬ 
tant  the  object  may  be.  It  is  more  than  two  hundred  and 
fifty  years  since  Newton  broke  up  white  light  by  passing 
it  through  a  glass  prism.  About  fifty  years  after  Newton's 
study  of  white  light  Fraunhofer  discovered  that  the  sun's 
spectrum  is  not  continuous  but  crossed  by  many  dark  bands. 
The  sun’s  spectrum  The  spectrum  of  the  sun  is  shown  in  Fig. 
is  not  continuous  419.  What  these  dark  bands  mean  was  ex¬ 
plained  by  two  later  scientists,  Bunsen  and  Kirchhoff,  who 
thus  opened  up  an  entirely  new  field,  that  of  astronomical 
chemistry. 

There  are  four  important  principles  of  spectrum  analysis, 
which  may  be  briefly  summarized. 

1.  A  solid  or  liquid  substance  that  is  hot  enough  to  radi¬ 
ate  light  gives  a  continuous  spectrum,  the  colors  depending 
There  are  four  upon  its  temperature.  An  object  which  is 
principles  of  spec-  just  red-hot  shows  the  colors  at  the  red  end 
trum  analysis  0f  the  spectrum.  As  it  is  heated  to  higher 
temperatures,  it  shows  more  of  the  colors  toward  the  violet 
end  of  the  spectrum.  It  is  easy  to  see  that  the  spectrum  from 
a  star  gives  an  indication  of  the  temperature  of  the  star.  If 
the  spectrum  shows  mostly  red,  it  is  a  relatively  cool  star. 

2.  A  hot  gas  under  low  pressure  gives  a  spectrum  that 
consists  of  discontinuous  bright  bands  whose .  positions  de¬ 
pend  upon  the  chemical  composition  of  the  gas. 

Sodium  in  the  form  of  gas  gives  a  spectrum  with  definite 
bright  yellow  bands.  Lithium  gas  gives  one  especially  bright 
red  band.  There  is  a  characteristic  spectrum  for  each  chem¬ 
ical  element,  and  by  means  of  it  each  chemical  element  may 
be  identified.  The  spectroscope  is  therefore  a  useful  instru¬ 
ment  in  chemical  analysis  of  gaseous  substances. 
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3.  When  white  light  passes  through 
a  gas  and  then  through  a  spectroscope, 
dark  bands  may  be  seen  in  the  resulting 
spectrum  in  the  exact  positions  where 
bright  bands  would  appear  if  the  gas 
were  itself  the  radiating  source.  For 
example,  light  from  an  arc  lamp  passed 
through  sodium  vapor  will  show  dark 
lines  in  positions  corresponding  to  the 
bright  lines  given  off  by  sodium.  The 
dark  lines  which  show  in  the  spectrum 
of  the  sun,  the  Fraunhofer  lines  (or 
bands),  tell  to  the  one  who  is  trained  to 
interpret  them  the  composition  of  the 
sun’s  atmosphere.  To  one  who  under¬ 
stands  their  meaning,  each  of  these  dark 
bands  shown  in  Fig.  419  tells  some¬ 
thing  about  the  composition  of  the  sun’s 
atmosphere. 

4.  If  an  object  that  is  radiating  energy 
is  moving  toward  the  spectroscope,  its 
lines  are  shifted  toward  the  violet  end  of 
the  spectrum,  the  amount  of  shift  depend¬ 
ing  upon  the  speed  of  approach.  If  the 
object  is  moving  away  from  the  spectro¬ 
scope,  the  shift  is  toward  the  red  end  of 
the  spectrum. 

This  same  effect  may  be  illustrated  by 
sound  waves.  The  pitch  of  a  whistle  when 
it  is  moving  rapidly  toward  you  is  higher 
than  it  is  when  the  whistle  is  stationary. 
If  the  whistle  is  moving  away  from  you, 
the  pitch  is  lower.  This  phenomenon 
when  associated  with  either  light  or  sound 
is  called,  from  the  man  who  first  described 
it,  the  Doppler  effect.  A  good  illustration 


Fig.  419.  Elements 
in  the  Sun’s  Atmos¬ 
phere  cause  the 
Dark  Bands  on  the 
Sun’s  Spectrum 


Fig.  420.  Joseph  Fraunhofer,  who  brought  the  Study  of  the  Stars 
into  the  Laboratory  ( 1787-1826 ) 

Men  of  all  ages  have  wondered  about  the  stars.  But  few  were  so  bold  as  to 
believe  that  they  would  ever  really  know  the  compositions,  speeds,  or  distances 
of  these  heavenly  bodies.  Today  we  have  all  the  tools  for  getting  this  informa¬ 
tion,  and  for  them  we  are  indebted,  perhaps  more  than  to  anyone  else,  to  a 
crippled  young  Bavarian  optician,  a  maker  of  glasses,  who  died  before  he  was 
forty  •  Joseph  Fraunhofer  was  the  son  of  a  glazier.  The  father  died  when  the 
lad  was  eleven.  Shortly  afterwards  young  Joseph  was  crippled  in  the  ruins  of 
a  falling  building.  But  this  was  in  one  sense  a  stroke  of  luck,  for  a  sympa¬ 
thetic  witness  gave  the  boy  some  money.  With  part  of  this  he  bought  some 
clothes  and  a  book  on  optics,  which  is  the  science  dealing  with  the  nature  of 
light  and  the  phenomena  of  vision.  After  completing  an  apprenticeship,  he  set 
up  for  himself  as  a  maker  of  optical  glasses  •  Studying  on  the  side  to  get  the 
mathematics  he  needed  to  grind  good  lenses,  he  soon  achieved  fame  for  his 
microscopes  and  telescopes.  He  improved  the  telescope  by  combining  lenses 
so  shaped  that  the  images  were  no  longer  blurred  by  colored  edges  •  Working 
with  glass  prisms,  he  noticed  dark  lines  in  the  solar  spectrum.  These  had  been 
seen  before  but  not  understood.  Fraunhofer  guessed  that  each  line  had  a  defi¬ 
nite  meaning  and  that  they  were  all  related  in  some  way  to  the  chemical  com¬ 
position  of  the  sun.  Each  dark  line  he  charted  and  labeled.  He  compared  the 
solar  spectrum  with  spectra  of  the  stars.  The  simple  glass  prism  became  in 
his  hands  the  spectroscope  that  interprets  the  secrets  of  the  heavens.  He  made 
possible  a  chemistry  of  the  stars. 
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is  the  apparent  change  in  pitch  of  the  horn  of  an  auto¬ 
mobile  as  the  car  on  which  it  is  sounding  speeds  rapidly 
past  you. 

These  laws  have  been  worked  out  in  the  laboratory 
through  careful  observations  and  by  checking  with  known 
facts.  You  may  believe  that  it  was  no  small  task,  and 
many  scientists  have  worked  upon  it.  But  think  for  a  few 
minutes  how  these  laws  may  be  used. 

The  spectrum  of  a  star  will  tell  us  its  temperature,  and 
how  far  away  it  is.  It  will  tell  us  whether  the  star  is  coming 
toward  us  or  moving  away  from  us,  and 
how  fast.  It  Will  tell  whether  it  is  double,  reveak  many 
for  in  that  case  two  spectra  are  shown.  It  secrets  to  a  trained 
will  tell  the  chemical  composition  of  the 
star,  and  what  elements  are  most  abundant.  What  a  useful 
instrument  the  spectroscope  is !  All  these  secrets  and  many 
more  will  it  reveal  to  the  astronomer  who  is  trained  in  its  use. 


In  all  the  sky  there  are  about  five  thousand  stars  bright  enough 
to  be  seen  with  the  naked  eye.  Careful  observers  have  counted 
a  few  more  than  a  thousand  from  one  position.  A  modern 
telescope  may  reveal  a  billion.  It  is  equivalent  to  an  eye  a 
hundred  inches  in  diameter.  Coupled  with  the  camera  it  has 
extended  the  known  limits  of  the  universe  by  millions  of  light- 
vears.  The  spectroscope  reveals  the  composition  of  stars,  their 
temperatures,  sizes,  and  velocities.  Mathematics  interprets  the 
facts  revealed  by  these  instruments. 


Can  You  Answer  these  Questions? 

1.  What  were  the  chief  differences  between  Galileo’s  simple 
telescope  and  a  refracting  telescope  of  today?  a  reflecting  tele¬ 
scope  of  today? 

2.  Can  you  give  in  simple  terms  some  examples  which  illus¬ 
trate  Newton’s  law  of  gravity? 
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3.  What  evidence  is  there  in  the  movement  of  the  heavenly 
bodies  which  supports  Newton's  law  of  gravitation? 

4.  How  does  the  spectrum  of  a  star  indicate  the  temperature 
of  the  star  ? 

5.  How  may  chemical  elements  be  identified  by  their  spec¬ 
trum  ?  Of  what  help  is  this  in  astronomy  ? 

6.  What  happens  to  the  spectrum  of  white  light  if  the  light 
is  first  passed  through  a  gas  and  then  through  a  spectroscope? 
How  does  this  aid  in  studying  far-off  heavenly  bodies? 

7.  What  happens  to  the  lines  of  the  spectrum  if  the  radiat¬ 
ing  object  is  moving  toward  the  spectroscope?  away  from  the 
spectroscope?  What  applications  may  be  made  of  this  in 
astronomy  ? 

Questions  for  Discussion 

1.  There  is  a  limit  to  the  making  of  microscopes  that  will 
"see”  smaller  and  smaller  things.  Is  there  a  limit  to  the  making 
of  telescopes  that  will  "see”  farther  and  farther?  Explain. 

2.  What  difference  do  you  think  the  increasing  knowledge  of 
astronomy  makes  to  us? 

3.  Do  you  think  it  is  correct  to  say  that  a  person  invents  a 
system  of  mathematics,  such  as  the  calculus? 

4.  Why  does  not  the  force  of  gravitation  upon  earth  pull  the 
moon  to  the  earth  ? 

5.  If  the  moon  is  responsible  for  tides  on  earth,  why  are  there 
two  high  tides  every  day? 


Here  are  Some  Things  You  May  Want  to  Do 

1.  Pass  the  light  from  a  bunsen  burner  through  a  glass  prism 
and  observe  its  spectrum.  How  does  it  differ  from  the  spectrum 
of  white  light  ? 

2.  On  page  701  you  find  references  to  several  scientists.  Pre¬ 
pare  class  reports  on  their  life  and  work. 

3.  You  have  learned  about  two  important  instruments  used 
in  observations  made  by  astronomers.  There  are  others,  how¬ 
ever,  including  the  interferometer  and  the  bolometer.  See  if  you 
can  find  out  how  they  are  used,  and  what  their  use  has  revealed. 


Chapter  XXXII  •  What  is  the  Origin  of  the  Solar 
System,  and  What  lies  in  Space  beyond  It? 

Second  only  perhaps  to  his  curiosity  about  his  own  origin 
and  ancestors  has  been  man's  interest  in  the  question  of 
the  origin  of  the  earth.  How  old  is  it?  What  was  it  like 
when  it  was  young  ?  How  did  it  come  to  be  ?  Will  it  always 
remain  as  it  is  now?  Many  have  been  his  guesses  to 
explain  these  things.  He  sees  about  him  a  changing 
world.  It  is  but  natural  to  inquire  how  and  when  these 
changes  began. 

A.  What  is  the  Origin  of  the  Earth  ? 

At  the  present  time  the  most  probable  theory  in  answer 
to  these  questions  seems  to  be  one  developed  by  Pro¬ 
fessors  Chamberlin  and  Moulton  at  the  The  sun  is  very, 
University  of  Chicago.  It  supposes  that  very  old 
the  earth  and  all  the  other  planets,  together  with  their 
satellites,  were  once  a  part  of  the  sun.  This  sun  was  a  star 
of  medium  size  and  brightness,  speeding  along  through 
space  as  it  is  today  and  as  it  had  been  for  no  one  knows 
how  long  before. 

A  few  billion  years  ago,  according  to  the  theory,  a  sec¬ 
ond  and  probably  larger  star  passed  near  this  sun  of  ours. 
By  near  we  mean  within  a  billion  miles  or  so,  probably  as 
near  as  the  planet  Neptune  is  today. 

This  second  star  was  large  enough  and  near  enough  to 
exert  a  strong  gravitational  pull  upon  the  sun.  It  pulled 
up  in  huge  bulges  a  small  part  of  the  out-  gome  few  billion 
side  of  the  sun's  matter.  This  was  chiefly  years  ago  a  star 
gaseous  then  as  it  is  now.  One  bulge  passed  near  the  sun 
formed  on  the  side  that  was  toward  the  star,  and  a  second 
bulge  formed  on  the  opposite  side  —  in  much  the  same  way 
that  the  moon  causes  tides  upon  the  earth  today. 
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But  the  unknown  star  was  traveling  in  one  direction  and 
the  sun  in  another.  The  tides  became  streamers  extending 
r™  t  „  out  from  the  sun  in  two  long  spiral  arms, 

pulled  from  the  Matter  was  pulled  out  of  the  sun.  Perhaps 
similar  spirals  were  developed  in  the  other 
star,  although  we  have  no  way  of  knowing.  All  we  can  do 
is  to  imagine  what  happened. 

At  last  the  star  had  passed  by,  and  finally  it  no  longer 
exerted  any  noticeable  pull  upon  the  sun.  After  it  had 
passed,  the  particles  in  the  spiral  arms  of  the  sun  were  in¬ 
fluenced  only  by  the  sun  itself  and  by  each  other.  They 
had  been  hot  like  the  sun  when  they  escaped  from  it ;  but 

Planets  were  once  n0W  ^  C0°led  sinCe  they  were 

much  smaller  than  small  and  there  was  nothing  to  keep  them 

they  are  today  warm.  Thus  they  became  countless  bits  of 
solid  rock,  like  meteors,  swarming  about  the  sun.  They  did 
not  fall  back  into  the  sun,  for  they  were  traveling  too  rap¬ 
idly,  owing  to  the  pull  that  had  been  given  them  by  the 
unknown  star.  As  a  consequence  of  the  combined  forces  of 
gravity  and  their  own  speed  they  now  revolved  about  the 
sun  in  elongated  ellipses  crossing  each  other’s  paths  rather 
frequently. 

These  bodies  have  been  called  planetesimals,  since  they 
were  like  little  planets.  Some,  of  course,  were  larger  than 
others.  Therefore  as  they  traveled  through  space  and  met 
smaller  bodies,  they  would  attract  them  because  of  their 
greater  gravity,  just  as  the  earth  attracts  meteors  today. 

These  largest  planetesimals  would  become  larger  and 
larger,  for  each  falling  meteor  would  add  to  their  mass.  A 
The  larger  plane-  smak  earth,  perhaps  not  much  more  than 
tesimals  attracted  half  its  present  diameter,  was  one  of  these 
the  small  ones  planetesimals  that  grew  larger  by  catching 
smaller  neighbors.  Jupiter,  happening  to  be  larger  to  begin 
with,  caught  even  more  than  the  earth.  Occasionally  a 
neighbor  might  be  trapped  but  not  destroyed,  and  from 
then  on  become  a  moon  revolving  about  the  larger  body. 
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After  many,  many  millions  of  years  the  paths  of  the  larger 
bodies  became  fairly  well  cleared  of  meteors,  and  frequent 
collisions  had  reduced  their  orbits  to  nearly  perfect  circles. 

Now  as  the  earth,  together  with  other  planets,  became  still 
larger,  it  began  to  be  warm  again,  for  crashing  meteors  con- 
verted  energy  of  motion  into  heat  energy.  pianetesimals  grew 
The  radioactive  elements  (radium,  thorium,  larger 
uranium,  and  so  on)  in  the  rocks  of  the  earth  also  gradually 
broke  up  and  produced  heat  which  could  not  easily  escape. 
Finally  the  earth  became  large  enough  (and  so  had  enough 
gravity)  to  hold  an  atmosphere.  This  at¬ 
mosphere  probably  came  from  meteors  and  krge6^^^^6 

surrounding  rocks  heated  to  the  glowing  h?ld  an  atmos- 

phere 

point  by  the  force  of  the  collision  as  the  me¬ 
teors  struck  the  earth's  surface.  After  changes  like  this,  con¬ 
ditions  on  the  surface  of  the  earth  became  favorable  for  life. 

The  tidal  theory  suggested  by  Sir  James  Jeans  gives  a 
similar  explanation  of  the  origin  of  the  bodies  of  the  solar 
system.  One  important  difference  in  the  two  theories  is 
that  Jeans  supposes  a  slow  cooling  of  the  planets.  In  this 
particular  the  theory  of  Jeans  is  similar  to  the  older  theory 
of  Laplace,  which  is  stated  briefly  below. 


B.  Do  Facts  fit  the  Theory? 

Does  this  account  sound  like  some  strange  product  of  the 
imagination,  some  fairy  tale  with  no  foundation?  Some¬ 
time  we  may  learn,  to  be  sure,  that  it  is  not  entirely  true, 
but  the  facts  as  we  know  them  today  lead  us  to  believe  that 
the  theory  is  probably  correct,  at  least  in  its  general  plan. 

It  is  certainly  a  fact  that  our  sun  is  one  of  many  stars 
that  move  through  space  in  various  directions.  There  must 
necessarily  be  times  when  two  stars  will  come  within  close 
enough  range  of  each  other  to  set  up  tides  as  supposed 
in  this  theory.  On  the  other  hand,  such  chance  meetings 
will  not  be  frequent.  Considering  the  size  of  our  particular 
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Fig.  421.  The  Gravitational  Attraction  of  a  Passing  Star  would  pull  the 
Hot  Masses  of  Matter  shown  above  away  from  the  Sun 
The  upper  and  lower  photographs  were  taken  one  day  apart 


part  of  the  universe  and  the  number  of  stars  in  it,  students 

of  mathematics  have  figured  that  just  on  the  basis  of  chance 

The  sun  is  likely  our  sun  is  likely  to  approach  near  enough 

to  pass  near  an-  to  another  star  to  cause  trouble  once  in 

other  star  perhaps  .  1  ......  . 

once  in  a  million  about  one  quadrillion  years.  This  is  a 

billion  years  million  billion  years.  The  earth  itself  is 

believed  from  evidence  in  its  own  rocks  to  be  in  the  neigh¬ 
borhood  of  two  billion  or  three  billion  years  old  —  still 
young,  you  see. 

Accordingly  this  theory  not  only  explains  the  existence 
of  the  planets  but  explains  why  they  are  likely  to  exist  un¬ 
disturbed  for  a  very  long  period  of  time. 

The  mass  of  all  the  planets  taken  together  constitutes 
less  than  one  seventh  of  one  per  cent  of  the  mass  of  the  sun. 
This  is  in  accordance  with  the  theory,  too,  for  the  passing 
star  would  have  pulled  only  a  small  part  of  the  matter  of 
the  sun  toward  it.  That  it  could  have  pulled  out  streamers 
at  all  is  further  made  believable  by  the  fact  that  the  sun 
ordinarily  sends  streamers  of  gas  outward  from  its  surface 
for  millions  of  miles,  as  may  be  seen  during  a  solar  eclipse. 
A  streamer  the  length  of  which  is  equal  to  nearly  half  the 
distance  from  the  earth  to  the  moon  is  shown  in  Fig.  421. 
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A  former  popular  theory  —  the  nebular  theory  of  Laplace 
—  taught  that  the  planets  cooled  from  a  hot  mass  of  ro¬ 
tating  gas  extending  outward  beyond  the  farthest  planet. 
Its  supporters  pointed  to  the  fact  that  all  the  bodies  of  the 
solar  system  are  revolving  around  the  sun  and  rotating 
upon  their  axes  in  the  same  direction.  It  could  not  explain, 
however,  why  some  of  them  are  moving  so  much  faster 
than  others  (why  a  little  satellite  of  Mars,  for  instance, 
revolves  three  times  about  the  planet  while  the  planet  ro¬ 
tates  once  upon  its  axis).  Nor  could  it  explain  why  the 
orbits  of  all  these  bodies  are  nearly  but  nevertheless  not  quite 
in  the  same  plane.  It  finally  collapsed  when  new  telescopes 
showed  that  a  satellite  of  Saturn  and  two  satellites  of  Jupi¬ 
ter  are  revolving  backwards  (that  is,  opposite  to  the  direction 
of  motion  of  other  moons)  about  their  planets.  These  ex¬ 
ceptions  do  not  disagree  with  the  planetesimal  theory. 


C.  What  lies  beyond  the  Solar  System? 

Before  the  time  of  Galileo  no  one  knew  of  stars  other 
than  those  that  could  be  seen  with  the  naked  eye.  Of  these 
there  were  about  five  thousand,  and  about 
a  thousand  could  be  seen  from  one  post-  san(i  stars  are  visi. 
tion.  In  addition  to  the  earth  there  were  ble  to  the  naked 

gyg 

five  known  planets :  Mercury,  Venus, 

Mars,  Jupiter,  and  Saturn.  There  were  the  sun  and  the 
moon,  and  there  were  also  occasional  comets  and  meteors. 

Today  our  good  telescopes  reveal  millions  upon  millions 
of  stars,  and  the  bigger  the  telescope  the  more  stars  become 
visible.  There  are  points  of  light  that  ap-  Telescopes  reveal 
pear  to  the  naked  eye  as  single  stars,  but  many  millions 
which  prove  to  be  double,  triple,  or  quadruple  when  seen 
through  a  telescope.  There  are  other  stars  that  prove  to  be 
varying  regularly  in  brightness,  and  there  are  cloudlike 
patches  that  reveal  themselves  as  billions  of  individual 
stars,  in  groups  far  beyond  the  limits  of  the  Milky  Way. 
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1 - 1 - J _ J _ _ 1 

Scale  in  light-years 

Fig.  422.  The  Sun  is  a  Star  in  a  Galaxy  of  Stars.  As  you  look  in  the  Direc¬ 
tion  of  the  Milky  Way  you  are  looking  in  the  Direction  of  Greatest  Diam¬ 
eter  of  the  Galaxy 

Why  does  the  Milky  Way  appear  as  a  white  fog? 1 

One  of  Galileo's  first  observations  was  that  the  stars  are 
not  scattered  evenly  throughout  all  parts  of  the  heavens. 
There  are  places  where  his  telescope  showed  a  thinning  out 
in  the  numbers  of  fainter  stars  that  may  be  seen.  The 
larger  telescopes  show  this  even  more  clearly. 

This  phenomenon  astronomers  interpret  as  meaning  that 
stars  do  not  extend  uniformly  in  all  directions  throughout 
™  „  space.  It  appears  that  the  stars  in  our  own 

scattered  evenly  system  are  scattered  in  a  huge  universe 
throughout  space  shaped  somewhat  like  a  watch.  It  is  about 
one  eighth  as  thick  as  it  is  wide.  This  is  illustrated  in  Fig. 
422.  Can  you  imagine  yourself  looking  outward  into  space 

1  From  Sir  James  Jeans's  The  Universe  Around  Us.  By  permission, 
The  Macmillan  Company,  publishers. 


715 


The  Origin  of  the  Solar  System 

from  within  a  vast  group  of  stars  shaped  like  this?  As  you 
look  in  the  direction  of  its  thickness,  you  see  only  a  few 
stars.  As  you  look  in  the  direction  of  its  breadth,  there  are 
many  stars  in  the  line  of  vision.  There  are  so  many  that 
they  appear  as  a  great  band  of  light,  the  Milky  Way. 

A  constellation  is  a  group  of  stars  that  appear  to  belong 
together,  sometimes  forming  imaginary  figures  that  look 
like  animals,  squares,  or  triangles.  Spectroscope  and  tele¬ 
scope  have  revealed  that  in  some  cases  these  stars  really 
do  belong  together,  traveling  through  space  in  the  same 
direction,  while  in  other  cases  they  appear  to  be  together 
simply  because  they  happen  to  be  in  nearly  the  same  direc¬ 
tion  as  seen  from  the  earth. 

You  might  think  that  some  of  the  stars  are  fairly  near  to 
us.  In  space,  distance  is  relative.  The  nearest  known  star 
(which  is  really  a  three-star  system)  is  in 

,,  .  n  . .  -i  n  n  ,  The  nearest  known 

the  constellation  known  as  the  Centaur.  star  js  more  than 
It  is  more  than  four  light-years  distant,  or  f1°.ur  light-years 
about  twenty-four  trillion  miles.  Sinus, 
the  next-nearest  bright  star  and  the  brightest  in  the  heav¬ 
ens,  is  about  twice  as  far  distant.  The  North  Star  is  about 
four  hundred  light-years  away,  and  Rigel,  in  Orion,  is  about 
five  hundred  light-years  distant  from  the  earth. 

Each  star  that  we  see  is  really  a  sun  —  some  very  much 
larger  than  our  sun,  some  smaller.  They  differ  in  color  too. 
A  blue  star  or  a  white  star  is  very  much  hotter  than  a 
yellow  star,  and  a  yellow  star  is  hotter  than  a  red  star  — 
just  as  red-hot ,  when  applied  to  a  stove  or  stars  vary  in  size 
molten  metal,  is  not  so  hot  as  white-hot.  and  temperature 
The  surface  temperature  on  the  sun  is  about  11,000°  F. 
It  is  a  yellow  star,  and  other  yellow  stars  are  of  about  the 
same  temperature. 

The  largest  stars  known  are  red  and  comparatively  cool. 
Antares,  in  the  Scorpion,  is  an  example  of  such  a  star.  It 
has  a  diameter  four  hundred  and  fifty  times  that  of  our 
sun.  Betelgeuse,  in  Orion,  is  another  red  giant  star. 
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The  blue  stars  are  smaller,  but  very  much  hotter.  They 
average  about  twenty  times  the  diameter  of  the  sun.  Vega 
is  a  hot  blue  star.  The  spectra  of  these  stars  show  that  their 
radiation  comes  chiefly  from  hydrogen  and  helium  at  a 
temperature  of  about  30,000°  F.  Other  stars  range  in  size 
and  temperature  down  to  small  red  stars,  called  red  dwarfs, 
some  no  larger  than  the  planet  Jupiter.  These  red  stars 
radiate  comparatively  little  energy. 

Recently  two  or  three  white  dwarfs  have  been  discov¬ 
ered,  about  the  size  of  the  earth,  but  greater  in  mass  than 
the  sun.  The  small  companion  of  Sirius  is  one  of  them. 
Sirius  is  twenty-five  hundred  times  as  bright  but  only  two 
and  a  half  times  as  great  in  mass  as  the  faint  white  dwarf. 

There  are  also  many  cool  "dark  stars"  in  space.  Does 
this  seem  like  a  contradiction  in  terms  ?  Can  there  be  stars 
that  are  cold  and  that  give  no  light?  We  know  that  there 
are  such  stars,  for  in  the  cases  of  some  of  our  double  stars 
one  star  is  light,  while  the  other  shows  its  presence  only  as 
it  blots  out  the  light  of  its  brighter  half.  Others  have  re¬ 
vealed  themselves  by  their  gravitational  pull  upon  their 
brilliant  neighbors. 

Telescope  and  spectroscope  show  many  double  stars  or 
systems  of  stars  revolving  about  a  common  center  of  grav- 
™  ity.  Sometimes  the  parts  are  widely 

double  stars  and  enough  separated  so  that  they  may  be 
star  systems  seen  ^h  telescope.  Often  it  is  only 

the  lines  of  their  spectra  that  show  the  several  parts. 
Sometimes  the  parts  are  about  equal  in  size  and  brightness, 
but  often  they  are  not.  There  may  be  as  much  difference 
as  there  is  between  the  sun  and  the  planets. 

The  stars  that  appear  to  us  brightest  in  the  sky  may  be 
bright  because  they  really  are  bright  or  because  they  are 
near.  A  street  light,  for  instance,  may  be  brighter  than 
any  star,  simply  because  it  is  near.  Sirius  is  an  example 
of  a  near  star.  It  is  really  of  less  than  average  size,  but  it 
is  the  brightest  in  all  the  heavens.  When  two  stars  at 
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equal  distances  are  equally  bright,  there  still  may  be  a 
difference  between  them.  One  may  be  a  red  giant,  com¬ 
paratively  cool.  The  other  may  be  much  smaller,  but  blue- 
hot.  Their  brightness,  then,  depends  upon  size  and  temper¬ 
ature  as  well  as  upon  nearness. 

D.  What  are  Nebulae? 

In  addition  to  the  stars  and  star  clusters,  even  a  medium¬ 
sized  telescope  shows  other  objects  that  appear  at  first  to 
be  more  or  less  misty, 
like  great  clouds  of 
gas.  They  are  called 
nebulae. 

A  closer  inspection 
and  more  careful  study 
show  that  these  nebu¬ 
lae  are  of  several  dif¬ 
ferent  types.  You 
doubtless  know  the 
constellation  Orion,  or 
the  hunter,  with  his 
sparkling  belt  and 
sword.  If  you  should 
look  at  this  sword 
through  a  small  tele¬ 
scope  or  even  through 
a  pair  of  field  glasses, 
you  would  find  a  neb¬ 
ula  surrounding  the 
middle  star,  as  shown 
in  Fig.  423.  This  was 
thought  until  recently 
to  be  a  gaseous  mass, 
part  glowing,  part  dark  and  cool.  Analysis  with  the  spec¬ 
troscope  seems  to  show  it  to  be  made  up  of  solid  particles 
like  meteors  —  star  dust,  you  might  call  it.  This  nebula 


Yerkes  Observatory 

Fig.  423.  The  Nebula  in  the  Constellation 
Orion,  or  the  Hunter,  seems  to  be  made  up 
of  Solid  Particles  like  Meteors 
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spreads  through  many  millions  of  miles,  but  it  is  compara¬ 
tively  only  a  small  affair  and  belongs  to  our  own  galaxy. 
Nebulae  look  like  In  the  southern  part  of  the  heavens  but 
clouds  beneath  our  horizon  is  a  huge  cloudlike 

mass  called  the  Magellanic  Cloud.  Fig.  424  shows  a  photo¬ 
graph  of  it  taken  through  a  large  telescope.  This  too  is  a 

nebula,  but  analysis 
shows  that  it  is  made 
up  of  millions  of  in¬ 
dividual  stars.  It  is 
far  outside  the  limits 
of  the  universe  with 
which  we  have  been 
dealing  up  to  the  pres¬ 
ent  and  is  apparently 
a  universe  in  itself. 

But  there  are  other 
nebulae,  thousands  of 
them,  even  larger 
than  this  Magellanic 
Cloud,  probably  as 
large  as  our  own 
Milky  Way,  and  each 
containing  hundreds 
of  millions  of  stars. 
Apparently  in  the 
constellation  of  An¬ 
dromeda  —  although 
really  far  beyond  it 
—  is  the  nebula  some 
nine  hundred  thou¬ 
sand  light-years  away  from  us.  Yet  our  telescopes  show 
that  it  too  is  composed  of  stars  as  widely  separated  from 
each  other  as  the  stars  in  our  own  universe.  It  is  at  least 
fifty  thousand  light-years  in  diameter,  and  about  a  tenth 
as  thick.  Do  you  suppose  that  it  is  a  universe  of  stars 


Yerkes  Observatory 

Fig.  424.  The  Magellanic  Cloud  shown  here 
is  a  Nebula  made  up  of  Millions  of  Individ¬ 
ual  Stars 
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and  that  there  may  be  planets  moving  about  some  of  them  ? 
There  is  no  reason  to  think  today  that  such  a  question  as 
this  can  ever  be  answered.  Yet  there  may  c  .  .  ,  , 

spiral  nebulae  are 

be  evidences,  coming  through  this  far-  complete  galaxies 
reaching  space,  that  would,  if  we  could  in  themselves 
interpret  them,  furnish  the  answer  to  this  question  and 
many  more.  Man's  curiosity  leads  him  to  continue  un¬ 
ceasingly  in  his  search  for  knowledge. 

E.  What  is  Space  Like? 

The  light  that  you  might  see  tonight  if  you  should  gaze 
through  a  telescope  at  the  Andromeda  nebula  is  light  that 
left  those  stars  long  before  Neanderthal  man  lived  in  west¬ 
ern  Europe.  Or  to  put  it  another  way,  you  would  not  see 
the  nebula  of  today  but  the  nebula  as  it  was  nine  hundred 
thousand  years  ago.  " Looking  backward  into  the  past" 
is  no  empty  phrase  when  applied  to  the  heavens  of  modern 
astronomy. 

Does  space  go  on  and  on  forever?  No  one  knows.  Even 
such  authorities  as  Sir  James  Jeans,  Albert  Einstein, 
Harlow  Shapley,  and  Forest  R.  Moulton  Space  and  time  are 
do  not  agree.  At  any  rate  it  goes  on  for  vast 
millions  of  light-years.  This  space,  though  vast  and  dotted 
with  stars,  —  yes,  even  with  galaxies  and  possibly  super¬ 
galaxies,  —  is  really  more  nearly  empty  than  the  best 
earthly  vacuum. 

What  becomes  of  the  energy  that  is  given  off  continu¬ 
ously  by  all  these  billions  upon  billions  of  suns?  Is  it  lost 
forever  unless  it  happens  to  reach  another  object  in  its 
path?  Is  it  in  some  way  changed  into  matter,  as  matter 
is  now  known  to  be  changed  into  energy?  We  do  not 
know. 

Astronomers  have  gone  far  in  answering  our  questions, 
but  much  remains  in  the  unknown.  Man  seems  small  upon 
this  small  earth  after  even  this  short  excursion  into  space. 
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But  does  it  not  seem  remarkable  that  he  has  so  far  con¬ 
quered  the  tools  of  his  environment  that  he  is  able  to  reach 
out  into  space  and  time  upon  a  journey  such  as  this? 


Our  most  probable  modern  theory  supposes  that  the  planets 
were  pulled  out  from  the  mass  of  the  sun  as  a  second  star  came 
close  to  it.  This  happened  billions  of  years  ago,  and  such  an¬ 
other  event  is  not  likely  to  take  place  for  many  billions  of 
years  more.  Our  solar  system  is  only  one  very  small  part  of  the 
galaxy  which  includes  the  Milky  Way  and  all  the  bright  stars 
visible  to  us.  But  this  galaxy  is  only  one  of  thousands  that 
lie  beyond  us  in  space.  One  neighboring  galaxy,  the  spiral 
nebula  in  Andromeda,  is  some  nine  hundred  thousand  light- 
years  distant.  Man  has  gone  a  long  way  toward  understanding 
this  vast  universe,  but  he  still  has  a  long  way  left  to  go. 


Can  You  Answer  these  Questions  ? 

1.  What  is  the  probable  source  of  the  earth’s  atmosphere? 

2.  What  is  the  planetesimal  theory  of  the  formation  of  the 
earth  ?  What  is  the  tidal  theory  ? 

3.  According  to  these  theories  was  the  earth  ever  smaller 
than  it  is  today  ?  How  is  this  explained  ? 

4.  What  facts  are  there  which  help  to  support  these  theories  ? 

5.  Why  was  the  nebular  hypothesis  of  Laplace  abandoned? 

6.  Can  you  explain  differences  in  meaning  between  earth , 
solar  system ,  galaxy ,  and  universe  ? 

7.  What  evidence  is  there  that  stars  do  not  extend  uniformly 
in  all  directions  throughout  space  ? 

8.  What  factors  determine  the  brightness  of  a  star  ? 

9.  What  are  nebulae  ? 

10.  Why  is  it  probable  that  the  planets  will  not  be  disturbed 
by  near  approach  to  a  star  for  a  long  period  of  time  ? 

11.  Compare  the  Magellanic  Clouds  and  the  Milky  Way. 
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Questions  for  Discussion 

1.  Is  man’s  knowledge  of  the  universe  beyond  the  solar  system 
of  any  practical  use  to  him  ? 

2.  What  do  we  mean  by  infinite  ? 

3.  Is  the  earth  becoming  larger  or  smaller  as  time  goes  on  ? 

4.  Is  it  possible  that  there  may  be  other  worlds  similar  to  our 
own  far  out  in  space?  If  there  are  such  worlds,  should  you 
expect  that  they  are  composed  of  the  same  chemical  elements 
as  compose  the  earth  ?  Explain. 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  study  of  earlier  theories  and  myths  about  the  origin 
of  the  earth.  Which  ones  have  been  completely  denied  and  which 
have  been  modified  ?  Were  any  points  of  the  planetesimal  theory 
contained  in  any  earlier  theories? 

2.  Prepare  a  series  of  diagrams  which  would  illustrate  the 
formation  of  the  earth  according  to  the  planetesimal  theory. 

3.  Several  years  ago  the  staff  of  the  Harvard  Observatory 
gave  a  number  of  radio  talks  on  astronomy.  These  were  later 
published  under  the  title  Universe  of  Stars .  These  lectures  are 
not  difficult  to  read.  Another  simple  book  which  deals  with  the 
content  of  this  chapter  is  Hale’s  The  New  Heavens . 


Fig.  425.  The  City  and  Country  in  the  Future  will  be  far  More 
Closely  Related 
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Is  Man  controlling  his  Environment  in  the 
Best  Possible  Way? 


Chapter  XXXIII  •  Is  Man  making  the  Best  Use  of  his  Knowl¬ 
edge  of  Science? 


AS  YOU  have  studied  this  science  book  during  the  year,  you 
_  possibly  have  noticed  a  number  of  times  that  its  title  is 
Mans  Control  of  his  Environment.  It  is  one  of  a  series  of 
three  books  called  A  Survey  of  Science.  Throughout  the  three 
books  we  have  given  you  information,  and  suggested  ways  in 
which  you  could  find  information  for  yourself,  regarding  the 
contributions  that  science  has  made  to  modern  living. 

This  survey  has  shown  that  in  hundreds  of  instances  science 
has  contributed  to  the  betterment  of  mankind.  The  kind  of 
water  we  drink  and  of  food  we  eat  and  of  clothes  we  wear  has 
in  most  instances  been  made  possible  through  the  findings  of 
science.  The  health  we  enjoy,  the  trains,  airplanes,  and  auto¬ 
mobiles  in  which  we  ride,  the  radios  to  which  we  listen,  have 
been  produced  through  what  man  has  learned  from  science. 
You  could  name  in  a  very  few  minutes  over  a  hundred  things 
that  have  contributed  to  your  own  welfare  and  happiness  and 
for  which  you  are  indebted  to  the  findings  of  science.  In  fact, 
the  progress  we  have  made  in  applying  what  we  have  learned 
regarding  science  has  been  so  great  that  most  of  us  have  given 
little  thought  to  the  question  of  whether  or  not  we  have  made 
the  greatest  possible  use  of  our  knowledge. 

Have  we  applied  our  scientific  knowledge  of  health  and 
health  conditions  in  such  a  way  that  we  have  relieved  as  much 
illness  as  we  could?  Have  we  produced,  transported,  and 
made  available  enough  food  for  everyone  in  the  world?  Do 
we  know  enough  about  science  to  make  these  kinds  of  things 
possible? 

In  this  hook,  as  well  as  in  the  two  others  of  the  series,  you 
have  been  surveying  what  the  findings  of  science  have  done 
for  mankind.  We  are  going  to  survey  briefly  with  you  now 
what  science  could  and  should  do  for  mankind. 


Chapter  XXXIII  •  Is  Man  making  the  Best  Use 
of  his  Knowledge  of  Science? 

The  subject  of  science  in  our  schools  has  had  an  interest¬ 
ing  history.  If  you  had  attended  school  in  1830,  you  would 
not  have  found  science  as  a  subject  in  the  schools,  but 
would  have  found  it  included  under  "  natural  philosophy/' 
In  1836  Boston  introduced  into  the  schools  as  an  experiment 
"a  certain  portion  of  philosophical  apparatus."  This  ap¬ 
paratus  was  confined  to  pneumatics  (a  subject  which  treats 
of  the  mechanical  properties  of  gases)  and  electricity.  In 
1847  apparatus  of  somewhat  superior  construction  and 
embracing  a  much  wider  field  was  introduced.  Mr.  Richard 
Green  Parker  prepared  a  manual,  called  Parker's  Philos¬ 
ophy,  to  accompany  the  first  apparatus.  This  manual  was 
revised  several  times  and  was  used  as  the  textbook  in  sci¬ 
ence  for  the  schools  of  Boston.  If  you  were  to  examine  it 
along  with  other  books  in  natural  science  written  from  1800 
to  1880,  you  would  find  a  number  of  interesting  things. 

In  the  first  place,  you  would  notice  that  in  certain  parts 
of  some  fields  these  early  scientists  knew  almost  as  much 
about  science  as  we  do  today  and  made  use  of  many  of  the 
same  experiments  that  you  have  become  acquainted  with 
or  performed  in  your  work  in  science  during  the  last  three 
years.  For  instance,  they  used,  of  course,  the  experiments 
of  Torricelli  and  measured  air  pressure  with  a  column  of 
mercury.  They  also  included  many  of  the  experiments  re¬ 
garding  simple  levers  that  you  have  employed  in  certain 
parts  of  your  work.  In  other  fields,  however,  —  for  in¬ 
stance,  electricity,  —  the  differences  are  striking.  In  an 
old  book,  Lectures  on  Chemistry ,  written  in  1831  by  W.  G. 
Hannaford,  we  find  the  following  about  electricity : 

...  By  Franklin's  discovery,  i.e.  that  it  was  the  same  as 
lightning,  we  might  say  that  it  was,  to  a  certain  extent,  rendered 
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harmless  to  mankind ;  but  it  would  appear,  that  another  Frank- 
linean  discovery  was  necessary,  in  order  to  render  it  of  much  use. 

In  this  subject,  we  have  one  different  from  almost  any  other, 
with  which  we  have  anything  to  do,  either  in  this  science,  or 
experimental  philosophy.  Such  is  the  fact,  that  almost  all  the 
principles,  in  the  experimental  sciences,  can  be  so  satisfactorily 
illustrated,  as  to  leave  no  doubt  in  regard  to  their  correctness. 
Not  so  with  this ;  it  is  extremely  difficult  by  any  direct  experi¬ 
ments,  to  prove  what  it  is,  or  much  in  regard  to  its  properties. 
This  being  the  case,  there  have  been  very  many  different  theories 
upon  this  subject ;  some  considering  it  a  simple  substance ;  others 
supposing  that  there  are  two  fluids,  called  vitreous  and  resinous ; 
others  that  it  is  merely  a  property  of  matter.  To  explain  all  these 
different  theories,  would  require  much  time.  I  shall,  therefore, 
entirely  omit  it;  but  shall  select  that  theory ,  which  is  usually 
adopted  in  this  country,  and  which  appears  to  have  as  much 
evidence  in  favour  of  its  being  correct,  as  any ;  and  explain  the 
principles  of  the  science,  and  the  few  experiments  to  which  we 
may  be  able  to  refer,  according  to  this  theory.  It  has  at  least 
some  things  to  recommend  it ;  for  upon  this  theory,  the  principles 
of  the  science  are  more  simple,  more  easily  explained  and  applied 
to  useful  purposes,  than  perhaps  any  other. 

The  theory  to  which  I  refer,  is  generally  called  the  Franklinean 
theory.  Not  because  it  was  first  adopted  by  our  own . 

The  remainder  of  the  entire  lecture  on  electricity  in  this 
book  is  devoted  to  simple  experiments  to  illustrate  the 
proposition  that  "bodies  similarly  electrified  repel  each 
other  and  when  dissimilarly  electrified  attract  each  other," 
and  closes  with  a  discussion  of  the  lightning  rod.  Thus  we 
see  that  although  in  static  electricity  some  of  the  simple 
experiments  were  the  same,  we  naturally  find  no  references 
to  the  thousands  of  things  that  have  been  discovered  in 
recent  years  about  electricity  and  its  application.  Some  of 
these,  of  course,  were  included  in  later  books  as  the  dis¬ 
coveries  were  made. 

The  second  thing  you  would  notice  would  be  statements 
of  numerous  principles  and  definitions.  For  example,  in  Mr. 
Parker's  book  referred  to  above  you  would  find  the  following: 
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10.  Galvanism  is  a  branch  of  Electricity. 

11.  Magnetism  treats  of  the  properties  and  effects  of  the 
magnet,  or  loadstone. 

12.  Electro-Magnetism  treats  of  Magnetism  induced  by 
Electricity. 

13.  Magneto-Electricity  treats  of  Electricity  induced  by 

Magnetism.  _ 

CHAPTER  II. 

OF  MATTER  *  AND  ITS  PROPERTIES. 

3.  Matter  is  the  general  name  of  every  thing  that  occu¬ 
pies  space,  or  has  figure,  form,  or  extension. 

*  The  ancient  philosophers  supposed  that  all  material  substances 
were  composed  of  Fire,  Air,  Earth,  and  Water,  and  these  four  substances 
were  called  the  four  elements,  because  they  were  supposed  to  be  the 
simple  substances  of  which  all  things  were  composed.  Modern  science 
has  proved  that  not  one  of  these  is  a  simple  substance,  but  that  there 
are  at  least  fifty-five  simple  substances,  thirty-two  of  which  are  metallic 
and  twenty-four  non-metallic.  The  consideration  of  those  substances 
which  enter  into  the  composition  of  all  matter,  in  whatever  form,  belongs 
to  the  science  of  Chemistry.  Bodies  which  consist  of  one  simple  sub¬ 
stance  are  called  homogeneous,  while  those  which  consist  of  two  or  more 
simple  substances  are  called  heterogeneous.  Thus,  water  is  a  heterogene¬ 
ous  substance,  being  composed  of  two  simple  or  homogeneous  aeriform 
fluids,  called  Hydrogen  and  Oxygen.  An  aeriform  fluid  is  a  fluid  in  the 
form  of  air.  When  the  particles  of  which  matter  is  composed  is  men¬ 
tioned,  it  is  to  be  understood  that  the  smallest  imaginable  portion  is 
meant,  not  of  the  homogeneous  substances  of  which  it  may  be  composed, 
but  of  the  matter  itself,  whether  homogeneous  or  heterogeneous. 

4.  There  are  seven  essential  properties  belonging  to  all 
matter,  namely:  1.  Impenetrability,  2.  Extension,  3.  Fig¬ 
ure,  4.  Divisibility,  5.  Indestructibility,  6.  Inertia,  and 
7.  Attraction. 


3.  What  is  Matter? 

4.  How  many  essential  properties  of  matter  are  there?  What 
are  they  ?  Why  are  they  called  essential  properties  ?  What .... 

The  third  thing  you  would  observe  would  be  the  type  of 
questions  you  as  a  student  would  have  been  supposed  to 
answer  in  case  you  had  taken  science  during  those  years. 
In  the  main  the  questions  would  have  required  that  you 
learn  these  definitions  and  principles  word  for  word.  For 
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example,  in  Mr.  Parker's  book  the  questions  on  the  subject 
matter  quoted  above  were  as  follows : 


DIVISIONS  OF  THE  SUBJECT. 

Art.  1. — What  is  Natural  Philosophy? 

Art.  2. — What  are  the  principal  branches  of  Natural 
Philosophy?  What  is  Mechanics?  Of  what  does  Pneu¬ 
matics  treat?  Of  what  does  Hydrostatics  treat?  Hy¬ 
draulics?  Acoustics?  Pyronomics?  Optics?  Astronomy? 
Electricity?  Of  what  is  Galvanism  a  branch?  Of  what 
does  Magnetism  treat?  Electro-Magnetism?  Magneto- 
Electricity? 

OF  MATTER  AND  ITS  PROPERTIES. 

Art.  3. — What  is  Matter? 

Art.  4. — How  many  essential  properties  of  matter  are 
there?  What  are  they?  Why  are  they  called  essential 
properties  ?  What  other  properties  exist  in  different  bodies  ? 
Why  are  they  called  accidental  properties  ?  Are  color  and 
weight  essential  or  accidental  properties?  Why?  What 
terms  are  used  in  Philosophy  to  express  the  state  in  which 
matter  exists  ?  What  follows  from  this  ? 


The  first  great  stage  through  which  science  passed  in  the 
public  schools,  then,  might  be  called  the  stage  of  learning 
principles  and  definitions.  The  general  practice  seemed  to 
be  to  have  the  pupil  commit  to  memory  most  of  these  prin¬ 
ciples  and  definitions  and  recite  them  to  the  teacher  with¬ 
out  the  aid  of  any  book  or  any  notes. 

Although  even  in  the  earlier  years  certain  principles  were 
illustrated  by  simple  experiments  in  the  few  schools  which 
.  .  .  could  afford  any  kind  of  apparatus,  it  was 

An  early  stage  oi  ^ 

science-learning  in  not  until  the  twentieth  century  that  wide 
fearning  ^scien-  application  of  these  principles  was  made 
tific  principles  and  to  practical  things  in  life.  This  tendency 
definitions  to  make  applications,  in  the  work  in  sci¬ 

ence  in  the  schools,  to  such  things  as  the  operation  of  steam 
engines,  electrically  driven  trains,  and  airplanes  followed 
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of  course  the  discovery  of  such  applications  in  the  actual 
work  outside  the  schools.  When  one  considers  the  hundreds 
of  advances  made  in  the  last  fifty  years,  including  sanita¬ 
tion,  the  radio,  television,  and  transportation,  to  mention 
only  a  few,  it  is  not  difficult  to  understand  why  the  teaching 
of  science  in  the  schools  began  to  change. 

The  second  stage  might  be  called  the  application  of 
principles.  We  have  not,  of  course,  determined  all  the  prin¬ 
ciples  of  science.  In  addition,  we  certainly  ^ 
have  not  begun  to  explore  the  possibilities  deaVwith  thTap- 
of  the  application  of  those  principles  we  of  Prin- 

do  know.  Unfortunately  in  most  of  our 
schools  we  are  not  making  as  great  use  of  the  practical- 
application  side  of  science  as  we  should.  We  have  been  too 
content  to  take  our  work  from  books  only  or  from  simple 
experiments  in  the  laboratory,  being  blind  to  the  numerous 
possibilities  found  in  almost  every  community  for  the  study 
of  the  wonders  of  science  in  their  application.  In  almost 
every  community  in  this  land  motors  and  dynamos,  steam 
engines  and  turbines,  airplanes  and  factories,  power  plants 
and  hospitals,  broadcasting  stations  and  telephone  ex¬ 
changes,  beckon  us  with  innumerable  opportunities  to  study 
the  principles  of  science  in  their  practical  application.  Views 
from  the  windows  of  two  schools  appear  in  Fig.  426.  Do 
you  think  they  suggest  possibilities  for  practical  study? 

The  third  stage  of  learning  and  teaching  science  we  are 
just  beginning  to  enter.  A  most  important  feature  in  this 
third  stage  might  be  called  science  in  its  so-  ^  ^  g 

cial  applications,  or  science  for  the  greatest  deals  with  thef6 
betterment  of  mankind.  Up  to  date  most  soc.ial  use,  w«  are 

.  .  making  of  science 

of  our  study  of  the  applications  of  the  prin¬ 
ciples  of  science  has  been  made  in  order  to  help  us  to  under¬ 
stand  how  these  principles  operate,  for  example,  in  driving 
a  train,  in  sending  a  message,  or  in  preventing  illness.  The 
new  stage  that  science  is  approaching  will  go  far  beyond 
the  mechanical  or  the  method  side  of  science  and  will  ask 
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Fig.  426.  In  Almost  Every  Community  there  are  Innumerable  Opportuni¬ 
ties  to  study  Principles  of  Science  in  their  Practical  Application 

Are  there  more  opportunities  in  the  city  (above)  than  in  the  country  (below)  ? 


such  questions  as  Of  what  real  use  is  this  application  to 
men?  Is  it  of  the  greatest  use  for  everybody?  Have  we 
made  science  serve  all  of  us  in  the  best  possible  way  ?  Are 
all  of  us  as  healthy  as  science  could  make  us  ?  Does  every 
person  enjoy  all  the  blessings  and  conveniences  that  would 
be  possible  if  the  best  we  know  of  science  were  fully  applied  ? 
Are  men  making  the  best  possible  use  of  the  machines  sci¬ 
ence  has  produced  ? 

May  we  indicate  through  an  illustration  centering  around 
the  last  question  some  of  the  kinds  of  things  which  all  of  us 
will  have  to  think  about  in  connection  with  the  social  ap- 
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plications  of  science?  A  few  months  ago  a  visit  was  made 
to  a  class  in  a  public  school  of  one  of  our  cities.  The 
pupils  in  this  class  had  been  studying  the  different  indus¬ 
tries  of  their  city.  During  the  preceding  week  they  had 
divided  into  groups  and  had  visited  a  number  of  different 
factories  and  plants.  Three  of  them  had  visited  an  oil¬ 
cracking  plant ;  four  had  spent  a  large  part  of  a  day  at  a 
tannery;  three  had  studied  a  newspaper  plant;  five  had 
been  to  machine  shops ;  seven  or  eight  had  visited  various 
industries  concerned  with  building  and  road-making ;  and 
the  others  in  groups  of  from  three  to  five  had  visited  other 
kinds  of  industries. 


On  this  particular  morning  the  different  groups  were  dis¬ 
cussing  the  kinds  of  machines  they  had  seen,  the  uses  to 
which  these  machines  had  been  put,  and  the  products  they 
were  turning  out.  One  of  the  boys,  who  had  been  visiting 
some  building-construction  plants,  had  also  attended  the 
Century  of  Progress  at  Chicago.  One  of  the  other  members 
of  the  class,  as  well  as  the  teacher,  had  also  visited  the  new 
housing  exhibits  at  the  fair  in  Chicago.  The  visitor  to  the 
class  that  morning  had  been  studying  recently  some  new 
types  of  houses  that  were  being  planned  not  only  in  the 
United  States  but  in  certain  parts  of  Europe  as  well.  One 
is  shown  in  Fig.  427. 

These  four,  with  the  aid  of  suggestions  from  other  mem¬ 
bers  of  the  class,  described  the  types  of  houses  everyone 
might  have  if  proper  use  were  made  of 
the  things  science  has  taught  us  about 
building.  They  showed  that  our  machines 
could  turn  out  for  us  beautiful,  durable 
houses  made  of  steel  and  glass.  In  these 
houses  there  could  be  uniform  lighting,  so  that  every  part 
of  a  room  would  be  lighted  to  the  same  degree.  This  would 
mean,  of  course,  that  there  would  be  no  glare  on  the  page 
of  the  book  a  person  was  reading.  Neither  would  there  be 
any  straining  of  the  eyes  because  of  too  little  light.  It 


A  complete  appli¬ 
cation  of  known 
scientific  prin¬ 
ciples  would 
greatly  change  our 
housing  conditions 
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Fig.  427.  New  Apartment  Houses  make  New  Applications  of  Old  Materials 
Do  you  see  any  new  applications  of  steel,  concrete,  and  glass  ? 

might  even  be  possible  to  change  the  color  scheme  in  any 
of  the  rooms  merely  by  pushing  a  button.  These  houses 
could  have  conditioned  air  the  year  round  —  the  kind  of  air 
that  would  be  pure  and  constantly  at  a  temperature  which 
would  be  comfortable  and  healthful.  One  of  the  boys  in  the 
class  remarked,  "  How  stupid  the  people  of  1950  will  prob¬ 
ably  think  we  are,  to  have  lived  in  poorly  heated  and  poorly 
ventilated  houses!”  It  was  brought  out  in  the  discussion 
that  these  houses  could  be  so  arranged  that  many  of  the 
partitions  between  the  rooms  could  be  raised  by  merely 
pushing  a  button,  thus  enabling  the  family  to  open  up  a 
large  space  for  games  or  teas  or  receptions.  By  making 
proper  use  of  machinery  these  houses  could  be  constructed 
very  rapidly,  since  they  could  be  made  of  large  sheets  of 
glass  or  metal  which  the  factories  could  turn  out  by  the 
thousands.  These  sheets  could  then  be  shipped  and  fitted  to¬ 
gether  in  very  little  time  into  houses  of  all  sorts  of  designs. 

Some  of  the  members  of  the  class,  after  they  had  heard 


How  Man  uses  his  Knowledge  of  Science  733 

this  part  of  the  discussion  and  had  seen  pictures  of  some  of 
the  new  types  of  housing,  compared  this  method  with  the 
methods  used  for  the  most  part  in  their  own  city.  One  girl 
remarked,  "Think  how  slow  and  clumsy  it  is  for  carpen¬ 
ters  to  put  on  one  board  at  a  time  when  we  could  have  this 
kind  of  construction.” 

The  discussion  turned  again  to  the  kinds  of  houses  that 
would  make  air-conditioning  possible.  While  these  pupils 
did  not  consider  the  many  different  factors  at  such  length 
as  you  did  when  you  studied  Chapter  XXVII,  they  did 
find  out  that  a  different  type  of  construction  would  be 
necessary.  The  teacher  told  them  that,  in  one  of  the  air- 
conditioned  houses  which  she  saw,  a  new  type  of  material 
was  used  on  the  walls  and  ceilings ;  that  this  material  which 
science  has  made  possible  was  of  great  assistance  in  keep¬ 
ing  air  at  proper  temperature,  and  that  it  could  be  turned 
out  in  large  sheets  and  could  be  put  on  very  quickly.  At  this 
point  one  boy  wanted  to  know  what  would  become  of  our 
men  who  lath,  plaster,  and  paper  walls  if  this  kind  of 
material  were  manufactured  by  machines  and  then  used. 
What  would  happen,  also,  to  our  carpenters  and  shinglers 
and  other  people  engaged  in  the  building  trades  as  we 
now  know  them  ? 

Several  pupils  in  the  class  expressed  the  opinion  that  we 
should  not  allow  our  machines  to  take  the  place  of  men  in 
this  fashion.  These  pupils  spoke  feelingly,  for  at  this  par¬ 
ticular  time  at  least  two  thirds  of  their  fathers  were  on 
government  relief  or  employed  in  government-made  work. 

Here  the  discussion  changed  abruptly  from  new  kinds 
of  construction  and  housing  to  a  question  that  seemed 
much  more  important ;  namely,  Shall  we  Similar  applica 
let  these  machines  which  science  is  mak-  tions  might  change 
ing  possible  throw  our  fathers  out  of  work  ?  greatly  the  work 
Those  who  had  visited  the  post  office  told 
how  the  stamping  machine  there  had  replaced  a  number 
of  people.  Others  who  had  visited  the  cotton  gins  told 
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Fig.  428.  Do  Human  Beings  have  to  do  such  Work  as  This? 

This  photograph  was  taken  in  a  tannery 

the  same  story.  Illustrations  multiplied.  One  of  the  boys 
suggested  that  new  kinds  of  jobs  would  be  created  in  the 
new  types  of  construction.  The  teacher  told  them  some  of 
the  things  that  happened  when  the  automobile  was  in¬ 
vented.  She  reminded  them  that  at  the  time  some  people 
had  spoken  of  how  hundreds  of  workmen  in  the  carriage 
and  wagon  factories  would  be  thrown  out  of  jobs.  After 
we  began  making  automobiles,  however,  thousands  more 
were  employed  in  assembling  parts,  selling  gasoline,  and 
constructing  new  highways  for  automobiles  than  had  ever 
been  employed  in  the  carriage  and  wagon  factories. 

"But  what  if  we  invent  machines  that  can  do  all  our 
work?”  asked  one  girl. 

"But  we  don't  want  machines  to  do  all  our  work,”  re¬ 
plied  another. 

"What  kinds  of  work  do  we  want  our  machines  to  do?” 
was  the  next  question. 
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At  this  point  the  teacher  called  the  class  to  the  win¬ 
dows  of  the  room.  It  was  a  dismal,  rainy  day.  A  cold  mist 
was  falling,  and  the  ground  was  soaked  from  a  heavy  rain 
of  the  previous  night.  Across  the  yard  of  the  school  a  num¬ 
ber  of  men,  some  of  them  the  fathers  of  these  pupils,  were 
digging  a  ditch  for  a  sewer.  The  teacher  asked  whether 
they  saw  anything  that  bore  on  the  question  that  had 
been  raised.  Finally  one  of  the  girls  in  the  class  said  that 
men  ought  not  to  have  to  labor  in  the  mud,  and  that  ma¬ 
chines  should  do  this  kind  of  work.  Immediately  one  of 
the  boys  exclaimed,  "And  there  is  a  ditch-digging  machine 
only  a  few  blocks  away  from  here,  and  it's  standing  idle!" 

"  But  father  is  so  glad  he  has  a  job.  So  is  mother,  and  so 
are  all  of  us.  He  was  without  one  for  so  long,"  said  another. 

The  discussion  grew  so  interesting  and  the  suggestions 
seemed  to  the  visitor  to  be  so  excellent  that  he  took  some 
of  them  down  and  gave  them  to  one  of  his  friends,  who  wrote 
them  up.  They  appear  below  in  almost  the  same  words  the 
pupils  used. 

Machines  and  People 

If  we  are  wise  we  can  learn  how  to  use  our  machines  to 
make  us  live  better  and  to  be  more  comfortable. 

Machines  should  be  our  iron  slaves.  They  should  work 
for  us,  help  us,  protect  us.  Can  we  make  them  do  this? 

What  kinds  of  work  should  we  have  our  iron  slaves  do  ? 
They  should  do  all  work  that  is  too  hard  for  men  and 
women.  They  should  do  work  that  has  to  be  done  very 
carefully.  They  should  do  work  that  is  unpleasant  and 
work  that  is  dangerous.  They  should  do  the  work  that 
has  to  be  done  very  rapidly. 

It  is  hard  work  to  lift  great  weights.  Let  the  machines 
do  it.  They  have  no  backs  to  break.  It  is  unpleasant  work 
to  care  for  garbage.  Let  the  machines  do  it.  They  do  not 
mind  ill-smelling  odors.  It  is  dangerous  work  to  pour 
white-hot  metals.  Let  the  machines  do  it.  They  have 
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no  hands  to  burn.  It  is  careful  work  to  make  tiny  watch 
springs.  Let  the  machines  do  it.  They  have  no  eyes  to 
ruin.  It  is  fast  work  to  print  a  daily  newspaper.  Let  the 
machines  do  it.  They  do  not  mind  hurry  and  confusion. 

There  are  thousands  of  jobs  for  the  machines  which  men 
and  women  do  not  want  to  do.  Many  of  these  are  jobs 
they  should  never  have  to  do.  When  we  have  learned  to  use 
our  machines  wisely,  we  shall  never  have  to  do  such  things. 

But  men  and  women  enjoy  doing  many  kinds  of  work. 
Indeed,  people  would  be  quite  unhappy  if  they  did  not 
have  a  chance  to  do  their  work.  Machines  should  not  be 
used  for  work  of  this  kind.  In  fact,  much  of  such  work 
cannot  be  done  by  machines.  We  do  not  want  machines 
to  paint  our  pictures.  We  do  not  want  machines  to  take 
our  trips.  Some  people  do  not  want  them  to  work  in  the 
garden  for  us.  Some  do  not  want  them  to  carve  our  toys 
and  ornaments.  Some  do  not  want  them  to  make  our 
music,  or  even  cook  our  meals,  or  run  our  trains.  Some 
are  glad  that  machines  cannot  do  these  things  as  well  as 
men  and  women  can.  If  they  could  there  might  be  a  time 
when  there  would  be  no  work  left  for  us  to  do. 

But  there  is  work  for  both  machines  and  people.  There 
are  many  new  kinds  of  work  we  have  never  done  because 
we  have  not  had  the  time  to  do  them  or  they  cost  too 
much.  We  need  more  houses  for  people  to  live  in.  We 
need  more  doctors  to  care  for  all  of  our  sick  people.  We 
need  more  teachers  to  show  the  people  better  ways  of  liv¬ 
ing.  We  need  workers  who  can  change  poor  farm  land 
into  growing  forests.  We  need  engineers  to  drain  swamps 
and  water  the  dry  deserts.  We  need  to  do  thousands  of 
things  we  have  not  had  time  to  do  before.  With  the  help 
of  our  iron  slaves  we  can  do  these  things. 

We  see,  then,  that  science  cannot  be  thought  of  alone. 
It  must  be  considered  in  relation  to  what  it  can  do  for 
mankind.  Although  there  are  a  few  who  like  learning  for 
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Fig.  429.  Are  such  Housing  Conditions  Necessary? 


learning's  sake,  people  as  a  general  rule  wish  to  put  their 
learning  to  work  for  the  good  of  themselves  and  others. 

Let  us  explore  a  little  further  what  might  be  possible  in 
the  case  of  some  of  our  large  cities,  provided  most  of  the 
findings  of  science  were  made  use  of.  There  are  hundreds 
of  thousands  of  people  housed  in  old  tenements.  Thou¬ 
sands  of  people  are  living  in  apartments  so  dark  that  gas 
lights  must  be  burned  all  day.  In  some  of  these  apartments 
there  is  no  light  whatever.  Others  are  so  airless  that  in 
summer  tens  of  thousands  of  people  are  forced  to  sleep  in 
the  parks  or  on  the  roofs.  Others  are  so  foul-smelling,  be¬ 
cause  of  garbage  in  the  streets,  the  small  courts,  and  the 
hallways  or  because  of  near-by  stables  and  factories,  that 
the  one  or  two  windows  in*  the  whole  flat  have  to  be  kept 
shut.  There  is  neglected  plumbing  as  well  as  insufficient 
water.  In  some  of  these  apartments  as  many  as  ten  to 
eighteen  people  live  in  three  rooms.  And  not  all  of  the 
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Fig.  430.  Which  of  these  Bedrooms  do  you  think  offers  Better 
Opportunities  for  Healthful  Sleeping? 

Why  does  anyone  have  to  sleep  in  a  place  like  the  upper  picture? 

poor  housing  conditions  are  to  be  found  in  New  York  and 
other  large  cities.  Most  of  you  will  not  have  to  go  many 
miles  from  your  own  homes,  whether  you  live  in  rural 
areas  or  city  areas,  to  find  people  living  under  extremely 
undesirable  conditions.  Some  of  our  most  unsanitary  and 
unclean  dwellings  can  be  found  in  rural  areas.  What  a 
tragedy  that  such  conditions  should  exist  when  science  has 
shown  us  the  way  to  remedy  them,  provided  we  were  wise 
enough  to  make  plans  by  which  the  products  of  science 
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could  be  used.  Think  of  hundreds  of  thousands  of  people 
living  in  the  slums  of  the  city  when  we  have  in  the  United 
States  fifty-seven  acres  of  land  for  every  person! 

But,  you  may  say,  our  people  must  be  near  their  work. 
This  too  we  could  make  provision  for  in  rebuilding  our 
most  densely  populated  areas.  What  are  some  of  the  things 
we  could  do?  Instead  of  building  all  our  factories  in  over¬ 
crowded  centers  we  could,  if  we  would,  build  many  of  them 
several  miles  from  the  heart  of  our  cities.  The  workers  then 
could  live  on  an  acre  or  more  of  land  and  enjoy  the  pleas¬ 
ure  of  green  pastures,  trees,  and  running  brooks.  They 
could  be  housed  under  most  sanitary  and  convenient  con¬ 
ditions  and  still  be  near  their  work.  Why  shouldn't,  for 
instance,  their  kitchens  be  completely  equipped  with  every 
electrical  tool  that  would  save  human  drudgery?  Why 
shouldn't  their  factories  as  well  as  their  homes  be  con¬ 
structed  so  as  to  provide  for  the  very  best  that  science 
knows  in  the  way  of  comfort  and  efficiency  ? 

In  some  cases,  because  of  the  type  of  product  which  is 
being  turned  out,  it  might  be  necessary  to  mass  factories 
and  offices  in  certain  large  centers.  If  this  were  the  case, 
why  shouldn't  we  call  on  science  again  and  produce  large 
numbers  of  garden  cities  located  ten,  twenty,  and  thirty 
miles  from  the  factories  themselves?  There  are  a  number 
of  such  garden  cities  in  America,  England,  Germany,  and 
elsewhere  today.  Many  more  will  probably  be  built. 

The  ideal  garden  city  would  not  be  built  on  the 
rectangular-block  idea.  Beauty  would  be  combined  with 
safety  and  efficiency.  The  streets  and  the  homes  would  be 
adapted  to  the  shape  of  the  land  on  which  they  were 
built.  The  houses  would  be  constructed  with  a  high  degree 
of  attractiveness,  and  each  home  would  fit  into  the  picture 
of  the  whole  community.  They  would  face  each  other 
across  large  green  parks  and  playgrounds.  From  the 
back  of  each  house  would  be  a  small  road  connected  with 
the  through  highways  on  the  outskirts  of  the  community. 
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In  no  case  would  a  child  going  to  school  have  to  cross  any 
road  used  by  an  automobile.  Trees  and  shrubs,  flowers 
and  green  grass,  would  be  grown  at  the  places  where  they 
would  be  most  lovely  and  effective.  In  the  center  of  the 
community  would  be  located  the  schools,  churches,  and 
community  buildings  used  by  all  the  people.  The  stores 
and  commercial  buildings  would  be  located  at  convenient 
places  in  the  outlying  sections  of  the  community. 

The  large  through  highways  would  pass  on  the  outskirts 
and  never  run  through  the  community  itself.  No  cross 
traffic  would  be  allowed.  The  highways  would  be  built  over 
and  under  all  cross  traffic,  and  would  be  so  built  that  they 
would  stand  up  for  years  under  fast  traffic.  The  lanes  would 
be  broad  and  straight;  automobiles  would  be  fashioned  so 
expertly  that  they  could  carry  their  passengers  a  distance  of 
twenty  miles  in  from  ten  to  twenty  minutes.  Science  can 
easily  give  us  such  a  machine.  The  trains  would  be  built 
of  composition  materials  similar  to  the  type  which  you 
studied  in  Chapter  XII  and  would  race  safely  at  a  speed 
which  would  bring  the  resident  of  the  garden  community 
forty  miles  out  to  his  work  in  the  city  in  much  shorter  time 
than  many  a  person  can  now  reach  his  work  by  street  car 
or  bus.  When,  in  the  not  distant  future,  private  airplanes 
can  be  produced  and  sold  so  cheaply  that  they  can  be 
purchased  and  operated  safely  by  large  numbers  of  our 
population,  provisions  will  be  made,  of  course,  for  landing 
in  central  places  in  the  city  and  in  our  own  back  yards  in 
the  garden  communities. 

Some  of  these  days,  too,  man  may  learn  to  make  such 
effective  use  of  the  machines  which  science  will  give  him 
that  all  people  will  have  the  opportunity  to  do  some  of  the 
things  they  like  best,  in  addition  to  the  work  at  which  they 
are  professionally  or  vocationally  engaged.  There  will  not 
only  be  more  time  to  play  but  more  opportunity  to  give 
fresh  thought  to  those  things  in  which  each  person  is  most 
interested.  Under  such  a  scheme  the  chances  seem  to  be 
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rather  large  that  we  should  have  more  inventions  than  we 
have  had  in  the  past,  more  beautiful  music  and  art,  and 
more  lovely  things  constructed  by  hand  —  in  fact,  more 
human  happiness. 

If  such  an  ideal  world  is  to  be  approached  or  reached, 
science  and  sociology  (the  study  of  society)  must  walk 
hand  in  hand.  We  must  try  to  make  every  new  finding 
in  science  serve  humanity  to  the  utmost. 

You  may  ask  yourself  what  you  can  do  in  this  respect. 
The  experience  of  a  senior  class  in  a  certain  high  school  in 
one  of  our  cities  may  help  you  in  your  thinking.  This  class 
had  been  discussing  explorations,  the  pushing  back  of  fron¬ 
tiers,  and  the  opening  up  of  new  areas.  In  the  midst  of 
the  discussion  the  instructor  asked  what  the  most  promising 
areas  for  exploration  are  at  the  present  time.  Several  an¬ 
swers  came  rather  readily.  One  student  said  that  he  would 
like  to  explore  the  upper  parts  of  the  Amazon  River ;  an¬ 
other,  the  interior  of  Africa;  a  third,  the  antarctic  and 
arctic  regions.  But  the  teacher  continued  with  his  ques¬ 
tion,  "Are  these  the  areas  which  if  explored  today  would 
result  in  the  greatest  good  for  the  world  ?”  Finally  one 
boy  suggested  exploration  in  the  fields  of  science,  and  a 
girl  the  finding  of  new  things  in  the  field  of  art. 

As  a  result  of  this  discussion  the  students  came  to  the 
conclusion  that  although  decided  and  in  some  cases  un¬ 
usual  progress  has  been  made  in  science,  art,  music,  and 
many  other  areas,  there  are  still  thousands  of  things  left 
for  those  of  the  coming  generation  to  do.  Not  only  are 
there  new  things  to  be  discovered,  but  nearly  everything 
needs  to  be  done  over  in  a  better  way.  Nothing  is  good 
enough.  The  fastest  and  safest  airplane  has  not  been  built ; 
the  softest  and  most  effective  light  has  not  been  manu¬ 
factured  ;  the  tastiest  and  most  healthful  foods  have  not 
been  produced ;  the  certain  cures  for  many  diseases  have 
not  been  found.  The  very  progress  we  have  made  seems 
to  have  resulted  in  more  things  which  need  to  be  done. 
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Fig.  431.  This  Modern  Garden  Community  offers  Far  More  Opportunities 
for  Healthful  and  Pleasurable  Living  than  does  the  Average  Community 
What  evidence  of  this  can  you  see? 

Some  things  have  been  done  well,  but  with  many  things 
blunders  have  been  made.  The  chief  mistakes  seem  to 
have  been  in  the  field  of  making  the  best  use  of  the  some¬ 
times  marvelous  results  given  us  by  science.  It  is  to  this 
area,  then,  that  we  hope  you  will  turn  your  attention  in  your 
future  work  with  science,  for  in  it  lie  the  greatest  opportuni¬ 
ties  and  challenges  for  improving  both  yourself  and  others. 


Science  learning  and  teaching  has  had  three  stages:  first,  the 
learning  of  principles  and  definitions ;  second,  the  application 
of  principles;  and  third,  the  social  use  made  of  science.  The 
development  of  the  third  stage  has  just  begun.  As  the  appli¬ 
cation  of  the  principles  of  science  becomes  more  and  more  a 
part  of  community  life,  great  changes  may  be  expected  in 
man’s  ways  of  living  and  working. 
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Questions  for  Discussion 

1.  How  should  you  like  to  have  to  learn  pages  of  your  text¬ 
books  word  for  word  ?  Do  you  think  the  method  a  good  way  to 
learn  new  things  ?  What  methods  of  learning  have  you  used  in 
your  science  work  this  year  ? 

2.  What  is  the  " scientific  method”  ? 

3.  Is  all  your  knowledge  of  science  gained  in  the  classroom? 
Do  you  use  in  your  life  outside  of  school  any  of  the  science 
you  learn  in  school  ?  Make  a  list  of  the  different  ways  in  which 
you  have  used  your  community  in  your  study  of  science  this 
year.  Make  a  second  list  which  will  include  additional  possi¬ 
bilities  that  your  community  offers  for  the  study  of  science. 

4.  What  things  do  you  lack  that  science  is  ready  to  give  to  you  ? 

Here  are  Some  Things  You  May  Want  to  Do 

1.  Make  a  list  of  the  things  which  you  feel  science  should  and 
could  do  for  all  the  people  of  your  community.  Give  reasons 
why  these  things  have  not  been  done.  Make  suggestions  for 
remedying  this  situation. 

2.  As  a  class  project  draw  up  a  plan  for  your  community  which 
would  make  use  of  every  desirable  thing  science  could  supply. 
The  project  might  be  entitled  "Our  Community  in  1975.”  Use 
your  thought  and  your  imagination  in  showing  the  numerous 
great  improvements  that  could  be  made.  Some  of  you  may  want 
to  work  on  improvements  possible  in  transportation,  while  others 
would  take  such  topics  as  improvements  in  health,  communi¬ 
cation,  and  recreation  facilities.  Why  not  make  a  plan  of  your 
community  as  it  would  appear  in  1975  and  also  a  large  illustrated 
booklet  covering  every  type  of  suggested  improvement?  They 
could  be  presented  to  your  city  council  or  to  those  in  charge  of 
community  betterment.  You  may  even  want  to  stage  a  pageant 
in  which  you  picture  your  community  of  the  future. 


A  SUMMARY  VIEW  OF  MAN’S  CONTROL  OF  HIS 
ENVIRONMENT 


IN  YOUR  study  of  The  World  Around  Us  you  learned  of 
plants  and  animals  adapted  to  live  with  one  another  in  a 
physical  environment.  There  is  great  variety  in  the  physical 
conditions,  and  there  is  great  variety  in  the  character  of  the 
living  things  that  are  adapted  to  the  different  conditions.  In 
all  environments  the  necessities  of  life  are  taken  from  water, 
air,  and  soil;  and  the  energy  for  the  vital  processes  is  abun¬ 
dantly  supplied  from  the  sun.  In  the  cycles  of  life,  living 
things  must  depend  on  other  living  things.  Only  green  plants 
can  store  in  foods  the  energy  of  solar  radiation,  so  energy  for 
life  and  growth  must  flow  from  the  sun  to  all  living  cells  by 
way  of  green  plants. 

Energy  of  solar  radiation,  together  with  the  force  of  gravi¬ 
tation,  keeps  things  moving  over  the  surface  of  this  chang¬ 
ing  world.  There  is  a  cycle  of  air  flowing  over  the  surface  of 
the  earth  as  the  force  of  gravity  causes  the  colder  and  denser 
air  of  the  polar  regions  to  move  toward  and  to  take  the  place 
of  the  less  dense  air  of  the  equatorial  regions.  There  is  a 
regular  movement  of  water  in  the  oceans  as  the  force  of  grav¬ 
ity  causes  the  colder  and  denser  water  of  the  north  and  the 
south  to  move  slowly  toward  the  equator.  There  is  the  water 
cycle,  in  which  radiant  energy  causes  water  to  evaporate  and 
to  be  carried  over  the  land,  where  it  may  lose  some  of  its 
molecular  energy,  fall  as  rain,  and  in  time  flow  back  to  the 
sea.  Under  the  influence  of  these  forces  the  surface  of  the 
earth  is  continually  changing.  Then,  too,  there  is  the  flow  of 
matter  and  energy  from  nonliving  to  living  things.  Nonliving 
matter  is  built  into  protoplasm,  and  the  matter  of  which 
protoplasm  is  composed  becomes  again  nonliving  matter.  As 
we  survey  this  complex  environment,  nothing  seems  to  be 
fixed.  Everything  seems  to  be  in  the  process  of  change.  Or¬ 
ganisms  adapted  to  live  in  this  changing  world  seem  to  struggle 
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with  each  other  for  the  matter  and  energy  that  are  necessary 
for  life  and  growth. 

Among  the  organisms  of  this  changing  world  the  human 
organism  stands  at  the  top.  You  see  evidence  of  this  position 
of  power  as  you  study  Mans  Control  of  his  Environment. 
This  ability  to  control  is  a  feature  that  distinguishes  man 
from  all  other  organisms.  The  history  of  the  human  race  is 
a  story  of  progress  in  control,  beginning  with  extremely  sim¬ 
ple  controls  and  continuing  through  the  successive  culture 
periods  to  the  complex  civilization  of  this  Age  of  Iron  and 
Power  in  which  we  live  today.  Progress  in  control  seems  to 
have  been  a  continuous  struggle  in  which  man,  through  the 
use  of  his  intellect,  has  acquired  understanding  of  the  mate¬ 
rial  substances  of  which  the  earth  is  composed  and  of  the 
energy  which  flows  over  its  surface,  and  has  used  this  under¬ 
standing  to  make  his  position  in  the  struggle  for  existence 
more  secure.  Through  the  exercise  of  his  intellect  he  has 
learned  to  use  for  his  own  advantage  the  matter  and  energy 
of  living  and  nonliving  things. 

Through  control  of  living  things  and  of  the  conditions 
under  which  they  grow,  man  has  learned  to  produce  a  food 
supply  for  a  constantly  increasing  population.  Cultivated 
plants  have  been  selected  from  food  plants  that  once  grew 
wild.  Through  exercise  of  intelligence  the  quantity  of  food 
produced  from  these  plants  has  been  enormously  increased. 
It  seems  perfectly  certain  that  the  quantity  of  production 
may  still  be  greatly  enlarged.  The  average  yield  of  corn,  for 
example,  in  the  United  States  is  about  27  bushels  an  acre. 
The  yield  of  wheat  is  about  15  bushels  an  acre.  The  quantity 
of  production  per  acre  of  both  these  important  grains  could 
probably  be  doubled  if  such  production  were  necessary. 

Similarly,  domesticated  animals  have  been  selected  from 
animals  that  were  once  wild.  Animals  have  been  bred  and 
used  as  beasts  of  burden  as  well  as  for  food.  In  this  Age  of 
Power  there  is  but  little  use  for  animals  except  as  they  are 
used  for  food.  In  America  the  chief  food-producing  animal 
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is  the  cow.  Through  exercise  of  intelligence  in  breeding,  the 
quantity  of  dairy  products  as  well  as  the  quantity  of  beef  has 
been  increased,  and  at  the  same  time  the  quality  of  these  prod¬ 
ucts  has  been  improved.  The  average  production  of  milk  by 
dairy  cows  in  the  United  States  is  about  700  gallons  a  year 
per  cow.  Individual  cows  have  produced  as  much  as  4000 
gallons  in  one  year.  Certainly  the  quantity  of  milk  produc¬ 
tion  could  be  enormously  increased  if  all  that  is  known  about 
milk  production  were  intelligently  applied.  Increase  could 
be  accomplished  through  increasing  the  number  of  milk- 
producing  cows  and  by  increasing  the  amount  of  production 
from  each  cow.  As  we  consider  man’s  achievements  in  pro¬ 
duction  of  food,  we  are  led  to  decide  that  the  quantity  of  food 
supply  could  be  increased  enormously  if  such  increase  were 
necessary. 

Accompanying  the  growth  of  knowledge  from  which  there 
has  come  an  ability  to  control  the  food  supply,  there  has 
been  a  growth  in  knowledge  of  how  to  use  materials.  Primi¬ 
tive  man  was  limited  in  materials  for  tools  to  wood,  bone, 
and  stone.  With  advances  in  knowledge  man  learned  to  use 
metals.  Now  it  is  possible  to  make  alloys,  glass,  building 
stone,  and  other  materials  almost  at  will  to  fit  the  demands 
that  are  made  upon  them.  Some  metallic  ores  are  being  ex¬ 
hausted,  but  it  seems  certain  that  alloys  of  other  metals  will 
be  made  to  take  the  place  of  those  that  are  difficult  to  obtain. 
The  crust  of  the  earth  is  the  source  of  such  materials,  and 
there  is  an  abundance  for  every  imaginable  need. 

A  third  achievement  of  the  human  mind  is  the  acquiring  of 
control  over  energy  from  natural  resources.  Throughout  the 
whole  period  of  man’s  existence  on  earth,  there  has  been  an 
abundance  of  coal  and  oil  in  the  crust  of  the  earth,  and 
through  all  this  period  water  has  flowed  in  streams  from 
higher  to  lower  levels.  Yet  it  is  only  during  the  past  one  hun¬ 
dred  years  that  man’s  achievements  in  control  of  energy 
have,  in  a  large  way,  influenced  the  character  of  civilization. 
Throughout  most  of  the  history  of  the  human  race,  energy 
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for  the  work  of  the  world  has  flowed  through  the  muscles  of 
men  and  beasts  of  burden.  With  energy  from  this  source 
there  were  definite  limits  to  what  men  could  do.  Before  the 
days  of  George  Stephenson  there  could  be  no  express  trains, 
for  no  number  of  horses  and  men  could  move  a  train  of  cars 
weighing  1000  tons  with  a  speed  of  60  miles  an  hour.  Before 
the  days  of  Thomas  Edison  there  could  be  no  electric  light¬ 
ing,  for  there  was  no  known  way  of  changing  electrical 
energy  into  light.  As  a  result  of  achievements  in  control 
of  energy  the  possibilities  for  accomplishment  have  been 
enlarged  enormously.  The  means  are  at  hand  with  which 
men  may  be  freed,  in  large  measure,  from  the  necessity  of 
drudgery.  Energy  from  natural  resources  flowing  through  the 
wheels  of  machinery  may  be  used  to  do  the  physical  labor, 
and  men  may  be  permitted  to  use  their  efforts  in  ways  more 
satisfying  to  them.  There  seems  to  be  no  practical  limit  to 
the  quantity  of  energy  that  may  be  released  from  natural 
resources.  Most  of  the  present  supply  comes  from  coal  and 
oil.  There  is  an  abundance  of  these  fuels,  and  we  could  with¬ 
out  doubt  use  them  with  much  greater  efficiency  than  they  are 
now  used.  In  addition  to  these  fuels  there  is  a  continuous 
supply  of  energy  coming  from  the  sun.  It  seems  as  if  man 
may,  by  the  proper  exercise  of  his  intelligence,  cause  energy 
under  control  to  flow  over  the  surface  of  the  earth  almost  as 
freely  as  do  air  and  water. 

Along  with  his  control  of  matter  and  energy  man  is  in¬ 
creasingly  gaining  control  of  himself — in  the  sense  that  he  is 
able  to  maintain  more  effectively  his  bodily  vigor  and  protect 
himself  from  contagious  disease.  Many  of  the  major  causes  of 
ill  health  are  now  well  understood  and  effectively  controlled. 
The  science  of  sanitation  has  shown  us  how  to  protect  crowded 
cities  from  contagious  disease,  which,  if  uncontrolled,  would 
be  terribly  destructive.  The  science  of  nutrition  has  taught 
us  to  select  foods  in  accordance  with  the  needs  of  the  body. 
In  these  and  in  other  particulars  the  achievements  in  the 
elevation  of  health  standards  seem  impressive. 
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The  practical  achievements  in  control  of  nonliving  matter 
and  energy  and  in  control  of  living  things,  including  the 
causes  of  ill  health,  have  contributed  in  a  large  measure  to 
man’s  feeling  of  security,  and  they  have  enlarged  enormously 
the  possible  range  of  his  activities. 

Along  with  these  practical  achievements  man  has  gained 
an  enlarged  understanding  of  himself  as  a  biological  organ¬ 
ism,  and  he  has  greatly  extended  his  knowledge  of  the  phe¬ 
nomena  of  nature.  Evidence  of  intellectual  achievements  is 
seen  in  the  ability  of  individuals  to  interpret  common  ob¬ 
servations.  It  is  without  doubt  true  that  we  are  influenced 
in  our  thinking  by  our  ability  to  understand  the  nature  of 
things.  As  a  result  of  study  in  science,  progress  has  been  made 
in  freeing  the  human  mind  from  such  errors  in  understand¬ 
ing  as  those  associated  with  belief  in  astrology,  alchemy, 
witchcraft,  magic,  and  other  forms  of  superstition.  This 
progress  has  come  as  man  has  gained  understanding  of  him¬ 
self  and  of  his  environment.  Larger  gains  may  be  expected 
as  man  finds  leisure  to  exercise  his  intelligence. 

What  of  the  future?  Progress  in  the  development  of  under¬ 
standing  and  in  ability  to  use  this  understanding  has  come 
rapidly.  Practically,  scientific  study  may  be  thought  of  as 
having  its  beginning  with  the  work  of  Galileo,  some  three 
hundred  years  ago.  From  then  until  now  its  influence  has 
been  rapidly  extended.  Changes  have  come  so  fast  that  ad¬ 
justments  within  the  social  order  have  not  kept  up  with  them. 
It  is  entirely  likely  that  scientific  study  will  continue  to  pro¬ 
duce  more  and  more  rapid  changes  in  our  society.  Nearly  all 
the  developments  in  control  of  energy,  for  example,  have 
come  during  the  past  one  hundred  years,  and  by  far  the  larg¬ 
est  part  of  this  control  has  come  during  the  past  thirty  years. 
With  such  progress  as  has  been  made  in  control  of  energy  and 
in  control  of  those  living  things  from  which  we  get  our  food 
supply  we  can,  as  you  have  seen,  produce  more  of  the  neces¬ 
sities  of  life  than  can  be  used,  and  at  the  same  time  we  can 
allow  an  abundance  of  leisure.  The  extent  of  these  controls 
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will  certainly  be  enlarged.  This  is  on  the  side  of  production. 
But  means  for  distribution  have  not  kept  up  with  production, 
for  with  overproduction  of  the  things  that  make  for  comfort 
there  is  at  this  time  a  large  proportion  of  our  population 
suffering  for  want  of  food,  clothing,  and  shelter.  It  seems 
certain  that  this  unfortunate  condition  is  owing,  in  part,  to 
lack  of  understanding  of  the  extent  of  man’s  achievements. 

In  summary,  you  have  learned  from  your  study  of  A  Survey 
of  Science  something  of  the  achievements  of  science  and  some¬ 
thing  of  the  possibilities  that  lie  in  the  future.  There  is  at 
hand,  as  you  have  learned,  a  body  of  knowledge  about  control 
of  energy,  control  of  ill  health,  weather  phenomena,  heredity, 
natural  and  artificial  selection,  changes  on  the  surface  of  the 
earth,  space,  time,  life  processes,  chemical  changes,  gravita¬ 
tion,  machinery,  the  nature  of  matter,  and  many  other  things. 
It  is  from  this  knowledge  that  there  have  come  the  possibilities 
for  gaining  health  and  leisure  and  the  possibilities  for  further 
enrichment  of  living.  The  achievements  of  the  past  serve  to 
forecast,  in  a  measure,  the  achievements  of  the  future.  To  you 
who  read  this  book,  it  may  be  said  that  no  generation  before 
you  has  been  permitted  the  richness  of  experience  that  may 
be  yours.  At  the  same  time  it  should  be  seen  that  in  no  other 
generation  has  the  well-being  of  society  as  a  whole  depended 
so  much  on  intelligent  effort  of  all  the  individuals  that  make 
it  up.  The  extent  of  your  success  as  a  worker  in  society  will 
be  fixed,  in  large  part,  by  your  ability  to  interpret  the  condi¬ 
tions  that  have  produced  it.  Outstanding  among  the  factors 
that  have  determined  the  character  of  our  society  are  the 
achievements  in  control  of  energy,  in  control  of  the  living 
things  from  which  we  get  our  food  supply,  in  control  of  the 
causes  of  ill  health,  and  in  understanding  of  ourselves  and  of 
the  natural  phenomena  with  which  we  are  surrounded.  In 
your  study  of  A  Survey  of  Science  you  have  laid  a  good  founda¬ 
tion  for  that  richer  understanding  which  will  come  as  you 
extend  your  study  in  the  senior  high  school  and  in  college. 
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LENGTH 

10  centimeters  =  1  decimeter 
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1000  meters  —  1  kilometer  (about  f  of  a  mile) 


MASS 

10  centigrams  =  1  decigram 
10  decigrams  =  1  GRAM  (about  15  grains) 
1000  grams  =  1  kilogram  (about  2  pounds) 


CAPACITY 

1000  cubic  centimeters  =  1  LITER  (about  1  quart) 

SOME  EQUIVALENTS 

1  inch  =  2.540  centimeters 
1  mile  =  1.61  kilometers 
1  pound  =  0.4536  kilogram 
1  quart  =  0.946  liter 
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KEY  TO 

THE  SOUNDS 

a  as  in 

at 

e  as  in  be 

o  as  in  go 

u 

as  in 

us 

a  as  in 

ate 

e  as  in  her 

6  as  in  horse 

u 

as  in 

use 

a  as  in 

ask 

e  as  in  vowel 

o  as  in  connect 

u 

as  in 

circus 

a  as  in 

arm 

i  as  in  bit 

oi  as  in  oil 

tu 

as  in 

nature 

a  as  in 

sofa 

i  as  in  bite 

oo  as  in  food 

3 

as  in 

ink 

&  as  in 

bet 

6  as  in  got 

ou  as  in  out 

A  battery.  The  battery  for  heating  the  filament  in  a  radio  tube  (p.  522)1 
abdomen  (ab  do'men).  The  lower  part  of  the  human  body.  It  contains 
the  stomach  and  intestines  (p.  543) 

acceleration  (ak  sel  er  a/shun) .  Rate  of  change  in  velocity,  or  speed 
(p.  309) 

acid.  A  compound  of  hydrogen  with  a  nonmetallic  element.  Acids  are 
sour  to  the  taste  and  turn  litmus  paper  red  (p.  76) 
aerial  (a  e'ri  al).  One  or  several  wires  connected  in  such  a  manner  as  to 
receive  or  send  electromagnetic  waves  (p.  504) 
aileron  (a'ler  on).  A  mechanism  in  the  wing  of  an  airplane  (p.  414) 
Airedale.  A  breed  of  dog  (p.  58) 

Aberdeen  Angus.  A  breed  of  beef  cattle  (p.  66) 
accelerate.  To  change  in  velocity  (p.  309) 

alkaline  (al'ka  lin).  Like  a  base.  Able  to  turn  litmus  paper  blue  (p.  76) 
alloy  (a  loi').  An  intimate  mixture  of  two  or  more  metals  (p.  201) 
alpaca.  Long  silky  wool  from  the  alpaca,  a  domesticated  beast  of  burden 
in  the  Andes  (p.  136) 

alternating  (ol'ter  nat  mg)  current  (A.  C.).  A  current  of  electricity  in 
which  the  direction  of  the  flow  alternates  (p.  474) 
aluminum  (alu'mlnum).  Al,  a  silver-white,  light  metal  (p.  223) 
amber.  A  fossil  resin  which  is  brittle,  hard,  and  yellow  to  brown  in  color 
(P.  423) 

ammeter  (am'me  ter).  An  instrument  used  to  measure  electric  current 
(p.  489) 

ammonia.  NH3,  a  colorless  gas  with  a  characteristic  odor,  used  as  a 
refrigerating  agent  (p.  621) 

ammonium  chloride  (a  mo'ni  um  klo'rld).  A  compound  used  for  filling 
dry  cells  (p.  258) 

ammonium  sulfate  (sul'fat).  An  ammonium  compound  used  in  the 
manufacture  of  fertilizers  (p.  165) 

ampere  (am'per).  A  measure  of  the  quantity  of  electricity  flowing  past 
a  point  in  one  second  (p.  488) 

amplitude  (am'pli  tud).  The  distance  through  which  a  vibrating  parti¬ 
cle  moves  during  wave  motion  (p.  510) 


1  References  are  to  pages  in  the  text  where  the  words  first  occur. 
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anaemia  (a  ne'mi  a).  A  disease  in  which  there  is  a  shortage  of  red  blood 
corpuscles  (p.  587) 

analysis.  The  separation  of  a  substance  into  its  parts  for  study  (p.  703) 
anatomy.  The  study  of  the  structure  of  plants  and  animals  (p.  141) 
anneal  (a  nel').  To  temper  glass  or  metals  by  heating,  then  cooling. 

This  makes  them  less  brittle  (p.  282) 
anther.  In  the  flower  of  a  plant,  a  case,  or  hollow  ball,  which  contains 
pollen  (p.  37) 

anthrax.  A  disease  of  cattle  and  sheep  (p.  641) 

anthropology  (an  thro  pol'd  ji).  Science  of  the  origin,  races,  customs, 
and  beliefs  of  man  (p.  141) 

antimony  (an'ti  mo  ni).  Sb,  a  bluish- white,  brittle  metal  (p.  263). 
antitoxin  (an  ti  tok'sm).  A  substance  which  is  produced  in  a  living 
organism  and  which  will  overcome  the  effects  of  a  toxin  (p.  592) 
aorta  (a  or'ta).  The  principal  artery  through  which  blood  leaves  the 
heart  (p.  551) 

aphid  (a'fid).  A  plant  louse  (p.  106) 
arbutus.  A  plant  belonging  to  the  heath  family  (p.  80) 
arc  lamp.  An  electric  lamp  in  which  the  current  makes  a  spark,  or  arc, 
between  two  carbon  rods  (p.  704) 
armature.  Part  of  a  generator  or  motor  (p.  457) 
arsenic.  A  grayish-black  element  (p.  263) 
artifact.  Anything  made  by  primitive  man  (p.  200) 
astigmatism  (a  stig'ma  tiz’m).  A  defect  in  the  shape  of  the  eye,  causing 
indistinct  vision  (p.  564) 

atom.  A  small  particle,  or  bit,  of  substance  composed  of  an  equal 
number  of  protons  and  electrons.  Molecules  are  formed  of  atoms 
(p.  250) 

auditory  (o'di  to  ri)  nerve.  The  nerve  which  goes  to  the  brain  from  the 
ear  (p.  566) 

auricle  (o'ri  k’l).  One  of  the  two  upper  chambers  of  the  heart  (p.  550) 
autogyro  (o'td  jl'ro).  A  form  of  airplane  (p.  419) 

autonomic  (6  to  nom'ik)  nervous  system.  A  system  of  nerve  tissues 
which  controls  such  inner  organs  as  the  stomach  and  intestines  (p.  559) 
Ayrshire.  A  breed  of  dairy  cattle  (p.  65) 

B  battery.  The  source  of  current  for  the  B  circuit  in  a  radio  (p.  522) 
bacterium  (bak  te'ri  um)  (pi.  bacteria  (bak  te'ri  a)).  An  extremely 
small,  one-celled  plant  (p.  170) 

hand.  To  place  a  protective  band  of  a  substance  around  the  trunk  of  a 
tree  so  that  insects  cannot  crawl  up  the  tree  (p.  129) 
bank.  To  tip  an  airplane  as  it  rounds  a  curve  (p.  299) 
barograph  (bar'd  graf).  An  instrument  for  recording  the  changes  in  the 
pressure  of  the  atmosphere  (p.  317) 

base.  A  compound  which  unites  with  an  acid  to  form  water  and  a  salt 
(p.  635) 

bauxite  (bo'zit).  A120  (OH)4,  a  mineral,  like  clay,  from  which  alumi¬ 
num  may  be  obtained  (p.  269) 
belladonna.  An  herb  used  in  medicine  (p.  7) 
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binding  posts.  The  devices  by  means  of  which  wires  are  attached  to 
electrical  equipment  (p.  249) 

biology.  The  study  of  living  organisms,  either  plant  or  animal  (p.  44) 
bismuth.  Bi,  a  silver-white,  brittle  metal  used  to  make  alloys  of  low 
melting  points  (p.  263) 
black-eyed  Susan.  Yellow  daisy  (p.  105) 

blackheart.  Lady’s-thumb.  A  member  of  a  species  of  plants  which 
has  black  seeds  (p.  108) 

blast  furnace.  A  furnace  which  is  used  for  melting  iron  ore  and  in  which 
a  blast  of  hot  dry  air  can  be  used  (p.  212) 
bleeder.  One  who  suffers  from  haemophilia  (p.  585) 
blight.  A  disease  of  plants,  causing  withering  or  decay  (p.  165) 
blister.  A  fungus  plant  (p.  165) 

block  and  tackle.  An  arrangement  of  pulleys  and  ropes  (p.  325) 
blood  pressure.  The  force  with  which  blood  leaves  the  heart  (p.  551) 
bloodletting.  The  practice  of  withdrawing  blood  from  the  body, 
formerly  thought  to  be  of  use  in  the  treatment  of  sickness  (p.  579) 
bolometer  (bo  lom'e  ter).  An  instrument  used  to  measure  small  quanti¬ 
ties  of  radiant  heat  (p.  708) 
bore  of  cylinder.  The  diameter  (p.  388) 

breeding  grounds.  An  area  in  which  animals  raise  their  young  (p.  144) 
British  thermal  unit  (B.  T.  U.).  The  amount  of  heat  required  to 
change  the  temperature  of  1  pound  of  water  1°  Fahrenheit  (p.  359) 
bronze.  An  alloy  of  copper  and  tin  (p.  201) 

brushes,  armature.  Small  carbon  blocks  which  touch  the  armature 
and  through  which  electric  current  is  carried  away  from  the  generator 
(p.  464) 

bubonic  plague  (bu  bon'ik  plag).  An  epidemic  disease  which  is  marked 
by  fevers,  chills,  and  the  swelling  of  certain  glands  (p.  651) 

Bunsen  burner.  A  gas  burner  in  which  the  air  supply  can  be  regulated 
(p.  281) 

cadmium.  Cd,  a  white  metal  often  used  to  form  alloys  of  low  melting 
points  (p.  263) 

calcium.  Ca,  an  abundant  white  metal  whose  compounds  are  of  great 
importance  (p.  247) 

calcium  (kal'si  um)  carbonate.  CaCC>3 ;  limestone  and  marble  are 
calcium  carbonate  (p.  81) 

calcium  hydroxide  (hi  drok'sld).  Ca(OH)2,  a  compound  produced  by 
the  action  of  water  on  calcium  oxide,  called  the  slaking  of  lime  (p.  286) 
calcium  oxide  (ok'sld).  CaO,  a  compound  of  calcium  and  oxygen  known 
as  quicklime  (p.  286) 

cane-borer.  An  insect  which  lives  in  the  stem  of  the  sugar-cane  plant 
(p.  16) 

capillary.  A  hairlike  tube  which  connects  an  artery  with  a  vein  (p.  544) 
caraway.  A  plant  whose  seeds  are  used  as  a  stimulant  (p.  7) 
carbohydrate.  A  chemical  compound  of  oxygen,  carbon,  and  hydrogen. 
Sugars,  starch,  and  the  fibrous  parts  of  vegetables  are  carbohydrates 
(P.  182) 
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carbolic  (kar  bol^k)  acid.  CeH5OH,  a  disinfectant  (p.  163) 
carbon.  An  element  found  as  a  black  solid  in  coal  and  coke.  It  is  an 
essential  element  for  all  plant  and  animal  life  (p.  235) 
carbon  dioxide.  CO2,  a  colorless  gas  which  will  neither  burn  nor  sup¬ 
port  burning.  It  has  many  industrial  uses.  Green  leaves  use  it  to  make 
starch.  It  is  given  off  by  the  lungs  in  breathing  (p.  75) 
carbon  monoxide  (mon  ok'sld).  CO,  a  colorless,  poisonous  gas  formed 
when  there  is  not  enough  oxygen  present  for  complete  burning  (p.  235) 
carbon  tetrachloride  (tet  ra  klo'rld).  CCU,  a  colorless  liquid  used  as  a 
fire-extinguisher  and  as  a  cleansing  agent  (p.  127) 
carbonic  (kar  bon'ik)  acid.  H2CO3,  an  acid  formed  by  the  chemical 
action  of  water  and  carbon  dioxide  (p.  78) 
carburetor  (kar'bu  ret  er).  An  instrument  in  which  gasoline  vapor  and 
air  may  be  mixed  to  form  an  explosive  (p.  385) 
caribou.  A  kind  of  reindeer  (p.  56) 

caterpillar.  The  young,  or  larvae,  of  butterflies  and  moths  are  called 
caterpillars  (p.  106) 

cellulose.  A  form  of  carbohydrate.  The  walls  of  plant  cells  are  almost 
entirely  cellulose  (p.  132) 

Centaur.  A  creature  of  the  Greek  myths,  half  man  and  half  horse 
(P.  579) 

centigrade  thermometer.  A  scale  of  a  thermometer  on  which  the 
freezing  point  of  water  is  marked  as  0°  and  the  boiling  point  as  100° 
(p.  350) 

centrifugal  (sen  trif'u  gal)  force.  A  whirling  body  has  a  tendency  to 
move  outward  from  its  center.  This  force  acting  away  from  the  center 
is  called  centrifugal  force  (p.  298) 

cerebrospinal  (ser  e  bro  spi'nal)  nervous  system.  The  system  of  nerve 
tissues  including  the  brain,  the  spinal  cord,  and  related  nerves  (p.  559) 
cerebrum  (ser'e  brum).  The  upper  portion  of  the  brain  (p.  573) 
cbaulmoogra  (chol  moo'gra)  oil.  A  yellow  oil  taken  from  the  seeds  of 
certain  plants  in  India  and  used  for  treating  the  disease  known  as 
leprosy  (p.  7) 

chemistry.  The  science  which  studies  the  composition  of  substances 
and  the  changes  in  their  composition  (p.  209) 
chinch  bug.  An  insect  very  destructive  to  grain  (p.  186) 
chinchilla.  A  rodent,  much  like  the  squirrel,  found  in  the  Andes  (p.  70) 
chlorine  (klo'ren).  A  greenish-yellow  poisonous  gas  (p.  251) 
chlorophyll  (klo'ro  fil).  The  green  coloring  matter  of  plants  (p.  165) 
chromium  (kro'mi  um).  Cr,  a  silver-white,  hard  metal.  It  is  used  to 
harden  steel  (p.  217) 

chromosomes  (kro'mo  somz).  Small  bodies  in  the  germ  cells;  they 
have  the  power  to  determine  the  heredity  of  the  next  generation  (p.  35) 
chrysalid  (kris'a  lid).  A  pupa  (the  third  stage)  of  an  insect,  especially 
the  pupa  of  a  butterfly  (p.  106) 

cinchona  (sin  ko'na).  A  tree,  native  of  the  Indies ;  from  its  bark  quinine 
is  obtained  (p.  7) 

climax  organism.  A  living  thing,  as  a  plant  or  an  animal,  which  lives 
and  flourishes  in  a  region  for  a  long  period  of  time  (p.  115) 
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clutch.  A  mechanism  by  means  of  which  the  power  from  the  engine  of 
an  automobile  may  be  easily  connected  with  the  rear  wheels  or  dis¬ 
connected  from  them  (p.  390) 

clutch  shaft.  A  short  piece  of  steel  to  carry  power  from  the  clutch  to 
the  transmission  gears  (p.  390) 
cobalt.  A  steel-gray  metal  used  in  alloys  (p.  440) 

cobra  (ko'bra).  A  very  poisonous  snake  of  the  warm  parts  of  Asia 
(p.  136) 

cockroach.  An  insect  often  found  near  water  pipes  in  kitchens  (p.  186) 
coleus  (ko'le  us).  An  ornamental  plant  (p.  158) 

Colorado  potato  beetle.  A  beetle  which  eats  potato  vines  (p.  186) 
color-blind.  Unable  to  distinguish  colors,  yet  able  to  see  forms  (p.  565) 
combine  (kom'bin).  A  harvesting  machine  which  cuts  and  threshes 
grain  in  one  operation  (p.  220) 

commutator.  A  device  for  changing  alternating  current  to  direct  cur¬ 
rent  (p.  463) 

compost  (kom'post).  Decaying  material  to  be  used  as  fertilizer  (p.  84) 
compound.  A  single  substance  composed  of  two  or  more  elements  (p.  76) 
compound  bar.  A  bar  of  two  or  more  strips  of  different  metals  riveted 
together  (p.  616) 

compressed  air.  Air  which  is  pressed  together  by  more  than  the  normal 
pressure  of  the  atmosphere.  Automobile  tires  contain  compressed  air 

(p.  281) 

concave  (kon'kav).  A  mirror  or  lens  which  is  thicker  at  the  edges  than 
in  the  center  is  said  to  be  concave  (p.  688) 
concentration.  The  amount  or  portion  of  one  substance  found  dis¬ 
solved  in  or  mixed  with  another  substance  (p.  224) 
concept.  An  idea,  or  thought  (p.  321) 

condensation.  A  crowding  together,  becoming  more  close  (p.  508) 
condenser.  An  electrical  device  on  which  electrons  may  be  lodged  for  a 
short  time  (p.  521) 

conduction.  The  transfer  of  heat  or  electricity  through  a  substance,  as 
through  a  copper  bar  (p.  610) 

conductor.  Anything  which  carries  or  conducts,  as  a  conductor  of 
electricity  or  a  conductor  of  heat  (p.  253) 
contact  screw.  A  screw  which  may  be  adjusted  in  such  a  manner  as  to 
form  a  contact  and  so  complete  an  electrical  circuit  (p.  457) 
contraction.  Drawing  together ;  becoming  shorter  or  smaller  (p.  547) 
convection.  The  transfer  of  heat  in  air  or  water  by  means  of  currents 

(p.  610) 

converter.  A  large  pear-shaped  iron  container  which  holds  the  liquid 
iron  while  oxidation  of  the  impurities  takes  place  (p.  238) 
convex  lens.  A  lens  which  is  thicker  in  the  center  than  at  the  edges 

(p.  682) 

copper.  Cu,  a  red  metal,  used  for  conducting  electricity,  and'as  a  part 
of  many  alloys  (p.  129) 

copperhead.  A  copper-colored  poisonous  snake  (p.  106) 
copper  sulfate.  CuS04  (blue  vitriol),  a  poisonous  copper  compound 
used  as  a  spray  for  plant  diseases  (p.  265) 
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coral  snake.  A  poisonous  snake  found  in  the  southern  part  of  the 
United  States  (p.  106) 

cornea  (kor'nea).  The  transparent  part  of  the  coat  of  the  eyeball.  It 
covers  the  iris  and  pupil  (p.  562) 

corpuscle  (kor'pus’l).  A  small  cell  floating  in  the  blood  or  lymph  of 
the  body  (p.  586) 

cortex.  The  outer  layer  of  the  gray  matter  of  the  brain  (p.  573) 
cosmic  (koz'mik)  rays.  Rays  coming  to  the  earth  from  outer  space 
(p.  674) 

cotton-boll  weevil.  A  small  beetle  which  does  much  damage  to  the 
cotton  plant  (p.  186) 

crank  shaft.  The  piece  of  steel  which  is  made  to  turn  by  the  motor  of 
the  automobile  (p.  390) 
creosote.  An  oily,  tarlike  liquid  (p.  191) 

Cro-Magnon  (kro-ma  nyon').  A  race  of  early  man,  named  after  a  cave 
in  France  (p.  204) 

crossbreeding.  The  crossing,  or  mating,  of  two  varieties  in  order  to 
produce  a  different  type  of  individual  (p.  6) 
cross-fertilize.  To  fertilize  an  egg  cell  from  one  plant  with  a  sperm  cell 
of  another  plant  (p.  38) 

cross-pollination.  The  transfer  of  pollen  from  one  plant  to  another 
(p.  36) 

cuprite  (ku'prlt).  Cu20,  a  copper  ore  (p.  209) 
curd.  The  substance  formed  when  milk  curdles  (p.  636) 
cutting.  A  small  piece  of  a  plant,  as  a  short  stem,  which  when  placed  in 
soil  and  carefully  grown  will  form  a  new  plant  (p.  31) 
cylinder.  A  hollow  chamber  in  an  external-combustion  or  internal- 
combustion  engine ;  in  it  an  expanding  gas  can  push  against  a  piston 
which  in  turn  can  move  other  parts  (p.  371) 

damsel  fly.  An  insect  whose  nymph  stage  is  spent  in  water,  while  the 
adult  stage  is  spent  in  the  air  (p.  184) 
decompose  (de  kom  poz')-  To  split  up  into  elements  or  simpler  com¬ 
pounds,  as  water  may  be  decomposed  into  oxygen  and  hydrogen 
(p.  85) 

demagnetize  (de  mag'net  Iz).  To  remove  magnetic  properties  (p.  442) 
density.  The  amount  of  material  or  matter  per  unit  of  volume  (p.  226) 
deposit.  An  amount  of  material,  as  an  ore  or  clay  found  somewhat  close 
together  on  or  near  the  surface  of  the  earth  (p.  224) 
diaphragm  (dl'a  fram).  A  disk  or  membrane  free  to  move  forward  and 
backward,  as  in  a  telephone  transmitter  (p.  512) 

Diesel  (de'zel)  engine.  A  form  of  internal-combustion  engine  in  which 
the  explosion  takes  place  at  high  temperatures  and  pressures  without 
the  presence  of  a  spark  (p.  395) 

differential  gears.  A  set  of  gears  in  the  rear  axle  to  allow  one  rear  wTheel 
to  turn  independently  of  the  other  (p.  391) 
digitalis  (dlj  i  ta'lls).  The  seeds  or  leaves  of  the  foxglove,  used  in  medi¬ 
cine  (p.  7) 

dip.  The  tip  of  a  compass  from  a  horizontal  position  (p.  450) 
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direct  current  (D.C.).  A  current  of  electricity  in  which  the  direction 
of  the  flow  remains  the  same  (p.  476) 
distributor.  A  mechanism  to  supply  electricity  to  the  cylinders  of  a 
gasoline  engine  at  the  proper  time  (p.  393) 
diversify.  To  cause  variety  and  difference  (p.  31) 
dock.  A  kind  of  weed  (p.  159) 

dogbane.  A  plant  whose  milky  juice  is  poisonous  (p.  160) 
dominant  characteristics.  Those  characteristics  which  appear  in  the 
first  generation  of  hybrids  (p.  47) 

Doppler  (dop'ler)  effect.  The  rise  or  fall  in  the  pitch  of  sound  produced 
by  the  approach  or  departure  of  the  source  (p.  705) 
draft  horse.  A  horse  able  to  pull  heavy  loads  (p.  64) 
drive  shaft.  The  rotating  piece  of  steel  which  connects  the  clutch  with 
the  rear  axle  in  an  automobile  (p.  390) 
drone.  A  male  bee  (p.  180) 

dry  cell.  A  device  for  changing  chemical  energy  to  electrical  energy 
(p.  452) 

duralumin  (du  ral'u  mm) .  A  strong,  hard  alloy  of  copper,  magnesium, 
manganese,  and  aluminum  (p.  271) 

durum  (du'rum)  wheat.  A  variety  of  spring  wheat  which  has  hard 
kernels  (p.  40) 

Dutch  elm  disease.  A  disease  of  the  elm  tree  caused  by  a  fungus 
(p.  165) 

dynamo.  A  machine  for  producing  electrical  energy  from  mechanical 
energy  (p.  454) 

eccentric  (ek  sen'trik) .  A  device  in  the  steam  engine  to  control  the 
movements  of  the  slide  valve  (p.  372) 
ecliptic  (e  klip'tik).  The  circle  made  by  the  plane  of  the  earth's  orbit 
as  it  cuts  the  heavenly  sphere  (p.  694) 
economic  (e  ko  nom'ik).  That  which  has  to  do  with  the  production  and 
use  of  wealth  is  economic  (p.  27) 
egg  cell.  A  female  germ  cell  (p.  35) 

electric  charge.  When  an  object  has  more  or  less  than  the  normal 
number  of  electrons,  it  is  said  to  have  an  electric  charge  (p.  429) 
electric  motor.  An  engine  which  can  change  electrical  energy  to 
mechanical  (kinetic)  energy  (p.  462) 
electrolysis  (e  Iek  trol'i  sis).  The  process  of  breaking  down,  or  decom¬ 
posing,  a  substance  by  the  use  of  an  electric  current  (p.  265) 
electromagnet.  An  instrument  which  has  magnetic  properties  caused 
by  the  passage  of  a  current  of  electricity  through  a  wire  wound  around 
a  core  of  soft  iron  or  soft  steel  (p.  451) 
electromagnetic  waves.  Waves  of  radiant  energy  produced  by  the 
magnetism  of  electricity  (p.  519) 

electron  (e  lek'tron).  A  unit  charge  of  negative  electricity  (p.  250) 
electroplating  (e  lek'tro  plat  mg).  The  process  of  plating  by  elec¬ 
trolysis,  as  plating  with  silver  or  copper  (p.  265) 
electroscope  (e  lek'tro  skop) .  An  instrument  for  studying  electrically 
charged  bodies  (p.  431) 
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element.  A  substance  which  cannot  be  decomposed  into  more  simple 
substances  (p.  75) 
energy.  Ability  to  do  work  (p.  iii) 

eohippus  (e  o  hip'us).  A  prehistoric  animal  somewhat  like  the  modern 
horse  (p.  63) 

equation,  chemical.  A  short  statement  of  a  chemical  change  (p.  234) 
ermine  (er'mln).  A  small  animal  somewhat  like  a  weasel  (p.  135) 
erosion  (e  ro'zhun).  The  wearing  away  of  land  by  forces  of  nature  (p.  94) 
esophagus  (e  sofa  gus).  The  tube  leading  from  the  mouth  to  the 
stomach  (p.  542) 

eucalyptus  (u  ka  lip'tus).  A  tree  from  whose  leaves  a  medicine  is  made 

(p.  7) 

European  elm-bark  beetle.  A  beetle  introduced  from  Europe,  which 
injures  the  bark  of  elm  trees  (p.  170) 
exoskeleton  (ek  so  skel'e  tun).  The  hard  outside  covering  or  shell  which 
protects  the  body  of  certain  animals  (p.  175) 
external-combustion  engine.  A  type  of  engine,  such  as  the  steam 
engine,  in  which  combustion  of  the  fuel  takes  place  outside  the  cylinder 
(p.  376) 

extract.  To  separate  or  purify,  as  a  metal  may  be  extracted  from  its  ore 
(p.  224) 

fallow  (fal'o).  Left  bare,  unplanted,  as  land  is  left  fallow  for  a  year 

(P.  88) 

feldspar.  A  mineral  containing  aluminum.  When  it  decomposes,  clays 
are  formed  (p.  225) 

fennel.  The  fruit  of  the  fennel  is  used  in  medicine  (p.  7) 
fibrovascular  (fi  bro  v&s'ku  ler)  bundles.  Strands  of  cells  in  certain 
plants ;  they  strengthen  the  stems  (p.  15) 
filament.  A  piece  of  wire,  usually  tungsten,  placed  in  an  electrical  cir¬ 
cuit,  as  a  vacuum  tube,  so  that  it  may  glow  or  give  off  electrons  (p.  522) 
flycatcher.  A  bird  that  catches  insects  while  flying  (p.  107) 
flywheel.  A  heavy  wheel  attached  to  certain  engines ;  its  motion  helps 
the  engine  to  run  smoothly  (p.  371) 

focal  (fo'kal)  length.  The  distance  from  a  lens  to  the  point  at  which 
rays  passed  through  it  come  together  (p.  682) 
focus.  To  cause  rays,  such  as  rays  of  light,  to  meet  after  passing 
through  a  lens  (p.  347) 

foot-pound.  A  measure  or  unit  of  work  (p.  548) 

forced  draft.  A  draft  of  air  pumped  or  forced  into  a  fire  box  to  cause 
rapid  burning  of  the  fuel  (p.  210) 

formula.  A  group  of  symbols  which  represent  a  compound,  as  H20  is 
the  formula  for  water  (p.  209) 
forsythia  (for  sith'i  a).  An  early-blooming  shrub  (p.  50) 
fossil  (f os'il).  Any  trace  or  remains  of  life  in  past  ages  is  said  to  be  a 
fossil  (p.  8) 

Fraunhofer  (froun'ho  fer)  lines.  Dark  lines  in  the  spectrum  of  the  sun 
(p.  704) 

fulcrum  (fiil'krum).  The  point  about  which  a  lever  turns  (p.  326) 
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fungus  (furj'gus)  (pi.  fungi  (fun'jl)).  Fungus  plants  have  no  green 
coloring  matter  and  cannot  make  their  own  food  as  can  other  kinds 
of  plants  (p.  159) 

fuselage  (fu'ze  lij).  The  inclosed  portion  or  body  of  an  airplane  (p.  418) 

galaxy  (gal'ak  si).  An  enormous  group  of  stars  (p.  715) 
galvanized  iron.  Sheet  iron  which  is  covered  with  a  thin  layer  of  zinc 
(p.  259) 

galvanometer  (gal  va  nom'e  ter).  An  instrument  to  show  the  presence 
or  direction  of  an  electric  current  (p.  252) 
ganglion  (gaq'gli  on)  (pi.  ganglia).  A  nerve  center  in  the  nervous  sys¬ 
tem  (p.  574) 

gaseous.  Like  a  gas  (p.  357) 

gauge  (gaj).  An  instrument  which  indicates  pressures  (p.  376) 
gear  box.  The  box  which  incloses  the  transmission  gears  (p.  390) 
gear  wheel.  A  wheel  with  gears  (p.  325) 

gene  (jen).  A  small  body  within  the  chromosomes  which  determines  a 
characteristic,  or  quality,  of  the  organism  of  which  it  is  a  part  (p.  38) 
generate  (jen'er  at).  To  develop  or  produce  (p.  288) 
generator,  electric.  A  machine  which  changes  mechanical  (kinetic) 
energy  to  electrical  energy  (p.  367) 

gentian  (jen'shan).  A  plant  whose  roots  are  used  in  medicine  in  the 
preparation  of  a  bitter  tonic  (p.  7) 

gland.  An  organ  of  the  body  which  produces  a  secretion,  as  the  liver 
glucose  (gldo'kos).  C6Hi206,  a  form  of  sugar  found  in  the  juices  of  many 
plants ;  often  called  grape  sugar  or  dextrose  (p.  13) 
glycogen  (gli'ko  jen).  C6H10O5,  a  carbohydrate  found  in  large  amounts 
in  the  liver  (p.  545) 

grackle  (grak'’l).  A  kind  of  blackbird  (p.  107) 
grain.  The  common  pound  contains  7000  grains  (p.  610) 
gram-calorie.  The  amount  of  heat  required  to  raise  the  temperature  of 
1  gram  of  water  1°  C.  (p.  359) 

granite.  A  fire-formed  rock  which  has  cooled  under  great  pressure 
(p.  227) 

graphite  (graf'It).  A  form  of  carbon  whose  crystals  are  like  small  flakes 
(p.  265) 

gravitation  (grav  l  ta'shun).  The  attraction  between  all’bodies  of  mat¬ 
ter,  as  between  the  sun  and  the  earth  or  between  the  earth  and 
objects  upon  it  (p.  295) 

great  circle  of  a  sphere.  A  circle  whose  plane  passes  through  the  center 
of  the  sphere  (p.  661) 

green  manure.  Plants  which  are  grown  for  the  purpose  of  being  plowed 
under  in  order  to  fertilize  soil  (p.  84) 
grid.  A  piece  of  woven  metal  to  and  through  which  electrons  flow  from 
the  filament  in  the  vacuum  tube  (p.  522) 
grub.  The  thick,  wormlike  larva  of  an  insect  (p.  180) 
guano  (gwa'no).  Waste  product  of  birds;  it  is  used  as  manure  (p.  86) 
Guernsey  (gurn'zi).  A  breed  of  dairy  cattle  (p.  65) 
gypsy  moth.  A  moth  whose  larva  is  very  destructive  to  trees  (p.  106) 
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habitat  (hab'i  tat).  The  environment  in  which  a  plant  or  an  animal 
lives  (p.  80) 

haemophilia  (he  mo  fil'i  a).  The  tendency  to  continued  bleeding,  even 
from  slight  wounds  (p.  585) 
hair  follicle.  A  gland  from  which  hair  grows  (p.  70) 
head.  The  vertical  distance  through  which  water  flows  before  turning 
-  the  turbine  which  drives  the  electric  generator  (p.  485) 
helium  (he'll  um).  He,  a  gaseous  element.  Recently  it  has  been  used 
to  fill  dirigibles  (p.  716) 

hematite  (hem'a  tit).  Fe203,  the  most  common  iron  ore  used  for  the 
manufacture  of  iron  (p.  210) 

heredity  (he  red'i  ti).  The  tendency  of  offspring  to  develop  characteris¬ 
tics  like  those  of  their  parents  (p.  34) 

Hereford  (her'e  ferd).  A  breed  of  cattle  raised  for  beef  (p.  62) 
Holstein  (hol'stln).  A  breed  of  cattle  raised  for  milk  production  (p.  62) 
hookworm.  A  parasite  which  lives  in  the  small  intestine  in  man 
(p.  588) 

hormones  (hor'monz).  The  substances  produced  by  the  glands  of  inter¬ 
nal  secretion  (p.  586) 

horsepower.  A  unit  of  work  equal  to  33,000  foot-pounds  per  minute 
(P.  287) 

humidifier  (hu  mid'l  fl  er).  A  device  used  to  evaporate  water  into  the 
surrounding  air  in  order  to  make  the  air  more  humid  (p.  620) 
humidity.  The  amount  of  water  vapor  in  the  air  (p.  607) 
humus.  Fertilizer  composed  of  decaying  plant  matter  (p.  77) 
husky.  An  Eskimo  dog  (p.  57) 

hybrid  (hl'brid).  The  offspring  of  parents  of  different  species,  or  varie¬ 
ties  (p.  31) 

hybridizer  (hl'brid  Iz  er).  One  who  is  skilled  in  producing  hybrid  plants 
or  animals  (p.  31) 

hydrochloric  (hi  dro  klo'rik)  acid.  HC1,  a  solution  of  hydrogen  chlo¬ 
ride  in  water  (p.  248) 

hydroelectric  (hi  dro  e  lek'trik).  Having  to  do  with  the  production  of 
electric  power  by  the  use  of  water  (p.  470) 
hydrogen  sulfide.  H2S,  a  colorless  gas  having  the  odor  of  rotten  eggs 
(p.  644) 

igneous  (lg'ne  us).  Having  to  do  with  rocks  formed  from  hot  liquid 
material,  as  lava  and  granite  (p.  225) 
ignition  (lg  nish'un)  circuit.  The  wires  and  spark  plugs  through  which 
the  electricity  flows  to  produce  a  spark  in  the  cylinders  (p.  387) 
immune  (l  mun').  Able  to  resist  disease  (p.  167) 

incinerator  (in  sin'er  a  ter).  A  building  or  furnace  in  which  garbage 
may  be  burned  at  high  temperatures  (p.  647) 
incubation  (in  ku  ba'shun).  The  process  of  development  in  an  egg  before 
the  young  is  hatched  (p.  69) 

induced  current.  A  current  made  to  flow  in  one  coil  of  wire  (the 
secondary)  because  of  the  flow  of  current  in  a  coil  (the  primary)  near 
by  (p.  495) 
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induction  coil.  An  electrical  device  so  constructed  that  pulsating  cur¬ 
rents  may  be  produced  in  a  second  circuit  by  making  and  breaking  a 
current  in  a  primary  circuit 

infra-red  rays.  Rays  whose  wave  length  is  longer  than  that  of  red  rays 
(p.  679) 

instinct.  An  unlearned  tendency  to  perform  certain  actions  in  a  certain 
manner  under  certain  conditions  (p.  176) 
insulate.  To  separate  by  nonconductors,  thus  preventing  the  passage 
of  heat  or  electricity  (p.  431) 

insulator  (in'su  la  ter).  A  substance  which  does  not  conduct  electricity 
or  heat  to  any  extent  (p.  427) 

insulin  (in'su  lin).  A  secretion  of  the  pancreas;  it  regulates  the  use  of 
sugar  by  the  body  (p.  585) 

intake  valve.  A  valve  which  opens  toward  the  inside  only  (p.  385) 
interferometer  (in  ter  fer  om'e  ter).  An  instrument  which  can  measure 
small  distances  by  the  interference  of  two  beams  of  light  (p.  708) 
internal-combustion  engine.  A  type  of  engine  in  which  combustion 
occurs  within  the  cylinder  (p.  383) 

internode.  The  space  between  the  nodes  on  the  stem  of  a  plant  (p.  14) 
interrupter.  A  piece  of  soft  iron  used  as  a  magnet  to  make  and  break  a 
circuit  in  certain  electrical  instruments  (p.  520) 
invar  (in  var').  An  alloy  of  nickel  and  iron  (p.  273) 
ion  (I'on).  An  atom  which  has  gained  or  lost  electrons  (p.  429) 
iris  (i'ris).  The  colored  portion  of  the  eye  (p.  562) 
iron,  cast.  A  brittle  iron  which  can  be  poured  into  molds  and  made  into 
castings  (p.  237) 

iron,  wrought  (rot).  An  iron  which  can  be  shaped  or  hammered,  as  at  a 
forge  (p.  237) 

Japanese  beetle.  A  species  of  beetle  introduced  from  Japan,  which  is 
quite  destructive  to  plant  life  (p.  189) 

Jersey.  A  breed  of  cattle  whose  milk  is  rich  in  cream  (p.  65) 
juniper  (joo'm  per).  A  tree  whose  fruits  are  used  in  medicine  and  as  a 
tea  (p.  7) 

kaolin  (ka'o  lm).  A  porcelain  clay  (p.  269) 

kidneys.  Two  organs  located  in  the  lower  part  of  the  body  cavity  -which 
secrete  waste  liquids  (p.  554) 

kilocycle  (kil'o  si  k’l)  (Kc.).  One  thousand  cycles  (p.  526) 
kilogram-calorie.  An  amount  of  heat  required  to  change  the  tempera¬ 
ture  of  1  kilogram  of  water  1°  C.  (p.  548) 
kilowatt  (kil'o  wot)  (kw.).  A  measure  of  electric  power  (p.  491) 
kilowatt-hour.  A  kilowatt  of  electrical  power  used  for  one  hour  (p.  491) 
kindling  temperature.  The  temperature  at  which  a  substance  will 
begin  to  burn  (p.  126) 

kinetic  (ki  net'ik)  energy.  The  energy  of  any  moving  object  (p.  340) 

larva  ( pi.  larvae  (lar've)).  The  eggs  of  many  insects  hatch  into  forms 
known  as  larvae  (p.  114) 
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larynx  (lar'iqks).  The  part  of  the  windpipe  which  holds  the  vocal  cords 
(p.  505) 

lead  peroxide.  Pb02,  a  compound  of  lead  and  oxygen  (p.  260) 
leaf  hopper.  A  kind  of  grasshopper  (p.  16) 

legume  (leg'um).  A  plant  on  whose  roots  grow  nitrogen-fixing  bacteria 
(P.  89) 

levulose  (lev'u  los).  C6Hi206,  fruit  sugar  (p.  181) 

life  cycle.  The  complete  life  of  an  organism  from  birth  to  death  (p.  588) 
light-year.  The  distance  which  light  will  travel  in  a  year  at  its  speed  of 
about  186,000  miles  per  second  (p.  707) 
limestone.  A  sedimentary  rock  composed  chiefly  of  calcium  carbonate 
(P.  85) 

lines  of  force.  A  region  around  a  magnet  or  electric  wire  in  which  it  may 
be  shown  that  there  is  a  magnetic  field  by  the  arrangement  of  iron 
filings  in  "lines  of  force"  (p.  442) 
lithium  (lith'i  um).  Li,  a  silver-gray  metallic  element  (p.  704) 
litmus  paper.  A  paper  whose  coloring  matter  is  used  to  indicate  the 
presence  of  an  acid  or  a  base  (p.  635) 
litter.  Young  animals  born  at  one  time  (p.  645) 
loam.  Soil  which  contains  abundant  humus  (p.  75) 
loco  weed.  A  poisonous  weed  found  in  the  western  part  of  the  United 
States  (p.  160) 

locust.  A  kind  of  grasshopper  (p.  184) 

lunar  (lu'ner).  Having  to  do  with  the  moon  (p.  670) 

lupine  (lu'pin).  A  plant  belonging  to  the  bean  family ;  a  legume  (p.  88) 

magnalium  (mag  na'li  um).  An  alloy  of  aluminum  and  magnesium 
(p.  271) 

magnetism.  The  properties  or  qualities  of  a  magnet  (p.  439) 
magnetite  (mag'net  it).  Iron  ore  which  has  the  properties  of  a  magnet 
(p.  225) 

magnitude.  In  astronomy,  the  degree  of  brightness  of  a  star 
maize  (maz).  A  plant  whose  seeds  are  borne  on  a  large  stalk,  or  ear. 

Also  called  Indian  corn  or  corn  (p.  9) 
malaria.  A  disease  caused  by  the  bite  of  the  Anopheles  mosquito  (p.  588) 
mammals.  Animals  whose  young  are  raised  on  milk  (p.  137) 
manganese  (man  ga  nes').  Mn,  a  grayish-pink,  brittle  metal,  used  in 
alloys  with  iron,  copper,  and  silicon  (p.  240) 
mantis  (man'tis)  {pi.  mantes  (man'tez)).  A  kind  of  insect  related  to  the 
grasshopper  (p.  174) 

marmot  (mar 'mot).  A  kind  of  small  animal  with  coarse  hair  (p.  70) 
mastoid  process.  The  projecting  bone  behind  the  ear  (p.  566) 
measuring  worm.  The  caterpillar,  or  larva,  of  a  kind  of  moth  (p.  186) 
mechanical  advantage.  In  a  machine  the  ratio  of  the  resistance  to  the 
effort  required  to  overcome  that  resistance  (p.  326) 
mechanism  (mek'an  iz’m).  A  system  of  parts  which  act  together  as  a 
machine  (p.  35) 

melting  point.  The  temperature  at  which  a  solid  changes  to  a  liquid 
(p.  227) 
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Mendelian  (men  de'li  an)  laws.  Laws  of  heredity  discovered  by  Men¬ 
del  (p.  51) 

mercury.  Hg,  quicksilver;  a  silver-white  metallic  liquid.  Used  in 
thermometers  and  barometers,  and  in  many  industrial  processes 
(p.  552) 

metamorphosis  (met  a  mor'fo  sis).  A  change  of  form,  as  the  change 
from  the  pupa  stage  to  the  adult  stage  of  many  insects  (p.  176) 
meteorite  (me'te  or  It).  A  body  which  has  fallen  to  the  earth  from 
outer  space  (p.  369) 

meter.  An  instrument  for  measuring  and  recording  the  amount  and 
flow  of  a  substance,  as  a  gas  meter  (p.  499) 

Mexican  bean  beetle.  A  beetle  which  injures  bean  plants  (p.  186) 
mica  (ml'ka).  A  form  of  silicon  which  can  be  split  into  very  thin  sheets. 
It  is  used  as  an  insulator  for  electrical  equipment.  Often  called  isin¬ 
glass  (p.  226) 

microorganism  (ml  kro  or'gan  iz’m).  A  living  plant  or  animal  so  small 
that  it  can  be  seen  only  with  the  aid  of  a  microscope  (p.  588) 
microphone.  A  transmitter  for  a  radio  set  (p.  505) 
migratory  (ml'gra  to  ri).  Moving  from  one  place  to  another  (p.  148) 
milk  sugar.  The  sugar  found  in  milk ;  lactose  (p.  635) 

Milky  Way.  The  immense  group,  or  galaxy,  of  stars  of  which  the  sun  is 
a  part  (p.  713) 

modulate  (mod/u  lat).  To  regulate  or  soften.  In  radio  use,  to  affect  the 
carrier  wave  so  that  sounds  may  be  reproduced  from  it  (p.  529) 
mold.  A  kind  of  fungus  plant  (p.166) 

molecular  theory.  The  belief  that  all  matter  is  made  up  of  very  small 
particles  called  molecules  (p.  354) 

molecule  (mol'e  kul).  The  smallest  part  into  which  a  substance  may  be 
divided  and  yet  retain  the  characteristics  of  the  substance  (p.  295) 
molybdenum  (mo  lib'de  num).  Mo,  a  gray,  heavy  metal.  Crank 
shafts  and  connecting  rods  are  made  of  steel  containing  molybdenum 
(p.  272) 

mongoose  (moij'goos).  A  small  animal,  native  of  India  (p.  136) 
motor.  A  machine  for  producing  mechanical  energy  from  another  form, 
as  from  electrical  energy  (p.  454) 

motor  neuron.  A  neuron  which  carries  an  impulse  to  a  muscle  or  a 
gland  (p.  570) 

mucous  (mu'kus)  membrane.  The  tissue  which  lines  such  body  open¬ 
ings  as  the  nose  and  the  throat  (p.  162) 
mucus.  The  liquid  in  the  linings  of  such  body  openings  as  the  nose  and 
the  throat  (p.  592) 

mullein  (mul'in).  A  weed  with  coarse  woolly  leaves  and  spikes  of  yellow 
flowers  (p.  159) 

mutant  (mu'tant).  An  offspring  whose  characteristics  are  not  those 
which  might  be  expected  in  the  light  of  the  characteristics  of  its 
parents  and  of  the  generations  preceding. 

narcotic  (nar  kot'ik).  A  drug  which  in  small  doses  relieves  pain  and 
produces  sleep  but  in  large  doses  produces  stupor  (p.  598) 
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Neanderthal  (na  an'der  tal)  man.  An  early  type  of  man  named  after  a 
valley  in  a  Rhine  province  (p.  203) 

nebula  (neb'u  la)  (pi.  nebulae  (neb'u  le)) .  An  object  in  the  heavens  which 
appears  to  be  hazy  when  viewed  through  a  telescope  (p.  717) 
nebular  theory.  A  theory  which  attempted  to  explain  the  origin  of  the 
solar  system.  It  is  no  longer  accepted  (p.  713) 
nectar  (nek'tar).  A  sweet  liquid  found  in  many  flowers  (p.  178) 
negative  ion.  A  particle  formed  from  an  atom  in  a  chemical  or  electrical 
change  in  which  an  electron  has  been  gained  (p.  251) 

Neolithic  (ne  6  lith'ik)  Age.  A  period  of  time,  following  the  Paleolithic 
Age,  in  which  stone  tools  were  improved  (p.  206) 
nerve  cell.  A  small  bit  of  living  matter  with  a  nucleus,  or  center,  and 
usually  two  branches  along  which  a  nerve  current  may  flow  (p.  560) 
nerve  fiber,  one  of  the  slender  threads  or  branches  of  the  nerve  cell 
(p.  560) 

neuron  (nu'ron).  A  nerve  cell  with  its  branches  (p.  568) 
neutral.  An  electrical  condition  in  which  there  is  a  balance  of  electrons 
and  protons  (p.  429) 

nichrome  (ni'krom).  An  alloy  of  nickel,  iron,  and  chromium  (p.  490) 
nickel.  A  silver-white  metal,  used  in  the  making  of  stainless  steel,  and 
for  electrical  apparatus  and  surgical  instruments  (p.  440) 
nitric  acid.  HNO3,  a  powerful  and  important  acid  (p.  85) 
nitrite  (nl'trlt).  A  salt  formed  from  nitrous  acid  (p.  171) 
nitrogen  (nl'tro  jen).  A  colorless,  odorless,  tasteless  gas  (p.  84) 
nitrogen-fixing  bacteria.  Bacteria  whose  life  activity  while  attached 
to  the  roots  of  certain  plants  (legumes)  causes  nitrogen  to  become 
lodged  in  soil  (p.  90) 

node.  The  joint  of  a  stem,  where  a  leaf  may  be  borne  (p.  14) 
nympb  (mmf).  The  second  stage  in  the  life  cycle  of  those  insects  which 
have  only  three  stages:  egg,  nymph,  adult  (p.  184) 

objective  lens.  The  lens  toward  the  object  being  studied,  in  a  telescope 
or  a  microscope  (p.  687) 

offspring.  That  which  grows  from  or  is  born  from  something  (p.  32) 
ohm  (om).  A  measure  of  the  resistance  of  a  conductor  to  the  flow  of 
electricity  through  it  (p.  488) 

oil-cracking.  A  process  in  which  crude  oils  are  refined  under  very  high 
temperatures  and  pressures  (p.  731) 
olfactory  (61  fak'to  ri).  Having  to  do  with  the  sense  of  smell  (p.  566) 
open-hearth  process.  A  process  of  manufacturing  steel  (p.  238) 
optic  (op'tik)  nerve.  The  nerve  which  goes  to  the  brain  from  the  eye 
(p.  562) 

optician  (optish'an).  One  who  makes  or  deals  in  optical  glass  and 
instruments  (p.  693) 

optics.  Having  to  do  with  the  eye  (p.  706) 

ore.  A  mineral  from  which  a  metal  may  be  profitably  extracted  (p.  197) 
organic  (or  gan'ik).  Having  to  do  with  plant  or  animal  life  (p.  643) 
organism  (or'gan  iz’m).  A  living  individual,  either  animal  or  plant 
(P.  113) 
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ovary  (o'va  ri).  The  hollow  portion  of  the  pistil,  in  which  the  seeds 
develop  (p.  36) 

ovule  (o'vul).  A  developing  seed  in  the  ovary  (p.  36) 
oxidation  (ok  si  da'shun).  The  union  of  oxygen  with  some  other  sub¬ 
stance  (p.  78) 

oxide  (ok'sld).  A  compound  composed  of  oxygen  and  one  other  element 
(p.  225) 

oxidize.  To  combine  with  oxygen  (p.  340) 

Paleolithic  (pa  le  6  lith'ik)  Age.  The  period  of  time  which  includes  the 
earliest  development  of  human  culture  (p.  206) 

Paleozoic  (pa  le  6  zo'ik)  era.  A  large  division  of  earth  history  (p.  229) 
pancreas  (pan'kre  as).  A  gland  below  the  stomach;  it  secretes  a  fluid 
that  aids  digestion  (p.  585) 

parasite.  An  organism  that  lives  in  or  on  another  at  the  expense  of  the 
latter  (p.  106) 

parathyroid  (par  a  thl'roid)  gland.  A  small  gland  near  the  thyroid 
gland  (p.  585) 

patent  medicine.  A  medicine  whose  composition  is  patented  (p.  602) 
pedigree.  A  list  of  ancestors  (p.  73) 

Pekingese.  A  small,  long-haired  dog  (p.  57) 

pelagic  (pe  laj'ik).  That  which  has  to  do  with  the  deep  sea  (p.  144) 
penstock.  A  large  pipe  through  which  water  flows  rapidly  in  order  to 
turn  a  turbine  for  an  electric  generator  (p.  485) 
pharmacology  (far  ma  kol'o  ji).  The  science  of  drugs  (p.  599) 
phases  (faz'ez)  of  the  moon.  The  four  stages,  or  periods,  in  appearance 
of  the  moon  as  seen  from  the  earth  (p.  670) 
phlox  (floks).  A  plant  cultivated  for  its  showy  flowers  (p.  192) 
phosphorus  (fos'for  us).  P,  a  soft  yellow  or  red  solid  which  burns 
readily  upon  exposure  to  air  (p.  84) 

photoelectric  cell.  A  vacuum  tube  so  constructed  that  various  forms  of 
radiation,  as  light,  falling  upon  the  potassium  within,  cause  electrons 
to  flow,  thus  completing  an  electric  circuit  (p.  680) 
physical  properties.  Qualities,  or  characteristics,  which  are  present  in 
a  substance  and  give  it  its  particular  nature  (p.  274) 
pigweed.  A  common  weed  (p.  108) 
piston.  The  moving  part  inside  a  cylinder  (p.  371) 
pitch.  The  distance  between  two  threads.  Of  a  propeller,  the  distance 
it  would  move  forward  in  one  turn  if  it  were  screwed  into  a  solid  sub¬ 
stance  (p.  409) 

pith  ball.  A  small,  light  ball  made  from  the  inside  of  the  stem  of  a  plant 
(p.  425) 

pituitary  (pi  tufl  ter  i).  A  small  gland  in  the  brain  (p.  585) 
planetesimals  (plan  et  es'i  malz).  The  small  bodies  which  were  torn 
from  the  sun  (in  the  planetesimal  theory)  and  which  moved  in  space 
somewhat  as  planets  do  at  present  (p.  711) 
plant  lice.  Small  insects  which  live  upon  the  sap  of  plants  (p.  182) 
plantain  (plan 'tan).  A  common  weed  with  large  spreading  leaves  close 
to  the  ground  (p.  159) 
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plasma  (plaz'ma).  The  liquid  part  of  the  blood  (p.  584) 
plate.  A  piece  of  metal,  placed  in  a  vacuum  tube,  to  which  electrons 
flow  from  the  filament  (p.  521) 
platinite.  An  alloy  of  nickel  and  iron  (p.  273) 

platinum.  Pt,  a  silver-gray  metal  used  in  certain  chemical  reactions 
and  for  some  jewelry  (p.  223) 

pneumatics  (numat'iks).  The  study  of  the  physical  properties,  or 
qualities,  of  air  and  other  gases  (p.  728) 
poison  sumac  (su'mak).  A  shrub  whose  foliage  is  poisonous  (p.  161) 
poke  weed.  A  coarse  weed  whose  berries  and  roots  are  poisonous.  It 
was  used  as  dye  by  Indians  (p.  160) 
polarity  (po  lar'i  ti).  An  electrical  condition  which  is  described  by  the 
terms  north  pole  and  south  pole  (p.  464) 
pollute  (po  lut').  To  make  impure  (p.  149) 

positive  ion.  A  particle  formed  from  an  atom  in  a  chemical  or  electrical 
change  in  which  an  electron  has  been  lost  (p.  250) 
potash  (pot'ash)  (potassium  (po  tas'i  um)  hydroxide).  KOH,  a  com¬ 
pound  of  potassium,  hydrogen,  and  oxygen  used  in  the  manufacture  of 
soap  and  glass 

potassium  (po  tas'i  um).  K,  a  silver-white,  soft  metal  (p.  84) 
potential  (po  ten'shal)  energy.  Energy  which  is  stored  or  inactive  but 
which  can  become  active  (kinetic)  (p.  339) 
power.  The  rate  of  doing  work  (p.  323) 

precipitate  (pre  sip'i  tat).  To  condense  a  vapor  into  a  liquid  or  to 
deposit  a  solid  from  a  solution  in  which  it  is  dissolved  (p.  113) 
predator  (pred'a  ter).  An  organism  that  preys  upon  another  organism, 
or  living  thing  (p.  186) 

primary  coil.  The  coil  in  an  electrical  circuit  attached  to  the  source  of 
the  current  (p.  497) 

projection.  A  part  which  sticks  out  (p.  38) 
proton  (pro'ton).  A  unit  charge  of  positive  electricity  (p.  250) 
protoplasm  (pro'to  plaz’m).  The  living  substance  of  which  plant  and 
animal  cells  are  composed  (p.  78) 

Protozoa  (pro  to  zo'a).  A  group  of  animals  whose  bodies  consist  of  a 
single  cell  (p.  588) 

pulmonary  (pul'm5  na  ri)  artery.  The  artery  leading  from  the  right 
ventricle  of  the  heart  into  the  lungs  (p.  550) 
pulmonary  vein.  The  vein  through  which  the  blood  returns  from  the 
lungs  to  the  heart  (p.  550) 
pulse.  A  legume  (p.  88) 

pupa  (pu'pa)  {pi.  pupae).  The  term  used  to  describe  an  insect  in  its 
resting  stage  inside  a  cocoon  (p.  176) 
pupate.  Insects  in  the  pupal  stage  are  developing,  or  pupating ;  that  is, 
becoming  ready  to  leave  the  cocoon  as  adults  (p.  185) 
pusley  (pus'll).  A  common  plant  sometimes  used  for  salad  or  for  fla¬ 
voring  (p.  108) 

quartz  (kworts).  A  form  of  silica,  Si02,  in  crystal  form  (p.  225) 

Queen  Anne’s  lace.  The  wild  carrot  (p.  105) 
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quicklime.  Calcium  oxide  (p.  286) 

quinine  (kwl'nln).  C20H29O2N2,  a  drug  obtained  from  the  bark  of  the 
cinchona  tree  (p.  599) 

radiant  (r&'di  ant)  energy.  Energy  which  travels  in  waves,  as  sunlight 
(p.  348) 

radiation  (ra  di  a'shun).  The  process  of  transferring  energy  from  a  body 
through  space  (p.  352) 

radioactive  elements.  Elements  which  are  the  source  of  certain  radi¬ 
ations.  Such  elements  break  up,  becoming  other  substances  (p.  711) 
radiometer  (ra  di  om 'e  ter).  An  instrument  which  demonstrates  the 
•  energy  of  the  sun’s  rays  (p.  345) 

radium  (ra'di  um).  Ra,  a  radioactive  element  discovered  in  1898  (p.  711) 
ragweed.  A  weed,  the  pollen  of  which  is  one  cause  of  hay  fever  (p.  108) 
rarefaction  (rar  e  fak'shun).  A  spreading  out;  becoming  farther  apart 
(p.  508) 

ratoon  (ra  toon').  A  sugar-cane  stalk  (p.  16) 
rayon.  An  artificial  silk  made  from  cellulose  (p.  132) 
reacting  organ.  Any  organ  which  functions,  or  acts,  as  a  result  of 
stimuli  received  from  a  sense  organ  (p.  561) 
reaction  (re  ak'shun).  Response  to  a  stimulus  (p.  570) 
receptor  (re  sep'ter).  A  small  sense  organ  which  is  able  to  receive  and 
pass  on  stimuli,  such  as  light  or  sound  (p.  561) 
recessive  (reses'iv)  characteristics  (kar  ak  ter  ls'tiks).  Those  charac¬ 
teristics  which  do  not  appear  in  the  first  generation  of  hybrids  (p.  47) 
redtop.  A  grass  used  in  pastures  and  lawns  (p.  105) 
refine.  To  purify  (p.  267) 

reflecting  telescope.  A  form  of  telescope  in  which  the  light  is 
brought  to  a  focus  by  a  mirror  (p.  284) 
reflex  (re'fleks)  action.  A  simple  action  brought  about  because  of  a 
connection  from  a  sense  organ  through  the  spinal  cord  to  an  organ 
which  acts  (p.  568) 

refracting  telescope.  A  form  of  telescope  in  which  the  light  passes 
through  an  objective  lens  so  that  the  image  is  magnified  by  the  eye¬ 
piece  lens  (p.  689) 

refrigerating  agent.  A  substance  which  is  of  value  in  mechanical 
refrigeration  because  of  the  ease  with  which  it  may  be  changed  from  a 
liquid  to  a  gas  at  ordinary  temperatures  (p.  622) 
relative  humidity  (hu  mid'i  ti).  The  ratio  between  the  amount  of 
water  vapor  present  in  the  air  and  the  amount  required  to  saturate  the 
air  at  that  temperature  (p.  607) 
reservoir  (rez'er  vwor).  A  storage  place  for  water  (p.  288) 
retina  (ret'i  na).  The  receptor  organ  for  vision  (p.  562) 

Rhode  Island  Red.  A  variety  of  chicken  (p.  67) 
rhododendron  (ro  do  den'dron).  A  large  evergreen  shrub  (p.  80) 
rodent.  Any  gnawing  animal  (p.  107) 

rods  and  cones.  The  small  receptor  organs  for  vision,  located  in  the 
retina  (p.  562) 

rookery.  A  breeding  ground  of  seals  and  certain  birds  (p.  147) 
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rotation  (ro  ta'shun)  of  crops.  The  regular  change  of  field  crops  for  the 
purpose  of  maintaining  the  fertility  and  texture  of  the  soil  (p.  88) 
rotor  (ro'ter).  The  shaft  of  a  generator  or  of  a  turbine  (p.  481) 
rust.  A  fungus  plant  (p.  165) 
rutabaga  (roo  ta  ba'ga).  The  yellow  turnip  (p.  91) 

sandstone.  A  stone  composed  of  fine  grains  of  sand  which  were  ce¬ 
mented  together  under  natural  conditions  (p.  277) 
saprophyte  (sap'ro  fit).  A  plant  which  secures  its  food  from  the  dead 
body  of  another  plant  or  animal  (p.  166) 
sarsaparilla  (sar'sa  pa  riba).  A  plant  whose  root  is  used  as  a  tonic 
(P.  7) 

satellite  (sat'e  lit).  A  heavenly  body  revolving  about  another  as  the 
moon,  a  satellite,  revolves  about  the  earth  (p.  709) 
scale  insects.  Insects  which  attach  themselves  to  plants  and  have  the 
appearance  of  scales  (p.  182) 

scallop  (skol'up).  A  shellfish  somewhat  like  a  clam  (p.  152) 
scarab  beetle.  A  kind  of  beetle  considered  sacred  in  ancient  Egypt 
(p.  174) 

sea  lion.  A  kind  of  seal  (p.  144) 

secondary  coil.  The  coil,  in  an  electrical  circuit,  in  which  a  current  is 
made  to  flow  by  a  current  passing  through  a  near-by  coil  called  the 
primary  coil  (p.  497) 

secretion  (se  kre'shun).  A  substance  produced  by  some  organ  of  an 
animal  or  a  plant  (p.  585) 

selection.  A  method  of  securing  more  desirable  plants  or  animals  by 
carefully  choosing  certain  individuals  to  be  parents  (p.  6) 
sensation.  If  a  receptor  is  stimulated,  or  aroused,  by  a  color  or  warmth, 
it  may  be  said  to  have  received  the  sensation  of  color  or  warmth  (p.  561) 
sensitive.  Able  to  respond  easily  and  readily  (p.  561) 
sensory  neuron.  A  neuron  which  carries  an  impulse  from  a  sense  organ 
(p.  568) 

septic  tank.  A  tank  in  which  sewage  may  be  changed  into  liquid  matter 
and  gases  by  the  action  of  bacteria  (p.  649) 
setter.  A  long-haired  hunting  dog  (p.  59) 
shad.  A  fish  of  the  North  Atlantic  coast,  used  for  food  (p.  137) 
Shropshire.  An  English  breed  of  hornless  black-faced  sheep  (p.  66) 
shunt.  A  side  circuit  for  the  flow  of  electricity  (p.  489) 
sidereal  (si  de're  al)  time.  A  system  of  reckoning  time ;  it  is  based  on  a 
star  instead  of  on  the  sun  (p.  670) 
silica  (sll'i  ka).  Silicon  dioxide  (p.  225) 

silicon  dioxide  (silica).  Si02,  a  compound  of  silicon  and  oxygen  (p.  223) 
silt.  Material,  as  sand  and  dirt,  carried  by  water  and  deposited  when 
the  current  becomes  slow  (p.  77) 
skeletal.  Having  to  do  with  the  skeleton  (p.  542) 
slag.  Cinderlike  material  produced  dilting  the  smelting  of  Iron  (p.  234) 
slide  valve.  A  sliding  valve  which  allows  steam  to  enter  the  cylinder  of 
a  steam  engine  (p.  371) 
smut.  A  fungus  plant  (p.  165) 
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sodium.  Na,  a  soft  silver-white  metal.  Combined  with  chlorine  it  forms 
common  table  salt  (p.  246) 
sodium  carbonate.  Na2C03,  washing  soda  (p.  279) 
sodium  chloride.  NaCl,  common  table  salt  (p.  245) 
sodium  hydroxide.  NaOH,  a  compound  of  sodium,  hydrogen,  and  oxy¬ 
gen  much  used  in  industry  (p.  246) 
sodium  nitrate.  NaNOs,  Chile  saltpeter  (p.  85) 
solar.  Having  to  do  with  the  sun  (p.  664) 

solar  (so'Ier)  day.  A  day  whose  length  is  based  upon  the  relationship 
of  the  sun  to  any  one  meridian  on  the  earth  (p.  664) 
sorghum  (sor'gum).  A  member  of  the  grass  family  (p.  12) 
sorrel  (sor'el).  A  plant  with  sour-tasting  leaves  (p.  159) 
sounder,  telegraph.  An  electromagnet  with  an  armature  placed  above 
it,  used  for  sending  telegraph  messages  (p.  460) 
species  (spe'shez).  A  distinct  kind,  or  sort,  of  animal  or  plant  (p.  35) 
specific  (spe  sif'ik)  heat.  The  number  of  calories  required  to  raise  the 
temperature  of  1  gram  of  a  substance  1°  C.  (p.  77) 
spectroscope  (spek'tro  skop).  An  instrument  consisting  of  a  prism,  a 
narrow  slit  through  which  light  may  pass,  and  a  lens  (p.  703) 
spectrum  (spek'trum)  ( pi.  spectra).  A  band  of  color  produced  from 
white  or  other  complex  light  by  passing  the  light  through  a  prism 
(p.  675) 

sphygmomanometer  (sfig  mo  ma  nom'e  ter).  An  instrument  for  meas¬ 
uring  blood  pressure  (p.  552) 

spiegeleisen  (spe'gel  i  zen).  A  mixture  of  metals  added  to  the  Bessemer 
converter  during  the  process  of  manufacturing  steel  (p.  240) 
spleen.  A  gland  located  in  the  lower  part  of  the  body  cavity  (p.  573) 
spore.  A  living  body  which  has  the  power  to  develop  into  a  full-grown 
organism,  as  a  plant  (p.  166) 

spurge  (spurj).  A  shrubby  plant  which  has  a  milky  bitter  juice  (p.  108) 
standard-time  system.  A  system  of  reckoning  time  by  time  zones 
which  give  average  solar  time  (p.  667) 
static  (stat'ik)  electricity.  A  form  of  electricity  in  which  electrons  are 
stored  on  a  nonconductor,  as  contrasted  with  current  electricity,  in 
which  electrons  flow  along  a  conductor  (p.  427) 
steam  chest.  The  part  of  a  steam  engine  into  which  steam  enters  before 
going  into  the  cylinder  (p.  371) 

steel.  A  tough  alloy  of  iron  with  small  quantities  of  carbon  (p.  220) 
stepped  up.  A  term  meaning  the  increase  of  voltage  (and  decrease  of 
amperage)  in  an  electric  circuit  (p.  493) 
stethoscope  (steth'o  skop).  An  instrument  which  carries  to  the  ear 
sounds  produced  in  the  body  (p.  552) 
stimulus  (stim'ulus)  (pi .  stimuli  (stim'u  IT)).  Anything  which  stirs, 
or  arouses,  a  receptor  or  the  entire  nervous  system  (p.  561) 
stoma  (pi .  stomata  (sto'ma  ta)).  A  very  small  opening,  in  the  leaves 
of  plants,  through  which  gases,  as  oxygen  and  carbon  dioxide,  may 
move  (p.  161) 

stratosphere  (stra'to  sfer).  That  portion  of  the  atmosphere  more  than 
seven  miles  above  the  earth’s  surface  (p.  415) 
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streamline.  To  shape  an  object  in  such  a  way  that  it  may  pass  easily 
through  a  fluid,  as  water  or  air  (p.  317) 
striated  (stri'a  ted)  muscle.  Striped  muscle  (p.  543) 
striations.  Stripes  (p.  544) 

sturgeon  (stur'jun).  A  large  fish  whose  flesh  is  valued  for  food 
(P.  137) 

submarginal  (sub  mar'ji  nal)  land.  Land  which  is  not  quite  fertile 
enough  to  provide  a  decent  living  for  the  farmer  who  attempts  to 
cultivate  it  (p.  125) 

substation.  A  number  of  step-down  transformers  grouped  together 
(p.  499) 

sucrose  (su'kros).  C12H22O11,  a  sugar  obtained  from  both  the  sugar  cane 
and  the  sugar  beet  (p.  13) 
sulfates.  Salts  formed  from  sulfuric  acid  (p.  76) 

sulfur.  S,  a  yellow  solid,  used  for  vulcanizing  rubber.  Sulfur  compounds 
are  widely  used  in  industry  (p.  84) 

sulfuric  acid.  H2SO4,  an  oily,  colorless  liquid  which  can  cause  severe 
acid  burns  (p.  163) 

supercharger.  An  instrument  made  for  the  purpose  of  compressing  thin 
air  and  pumping  it  into  the  engine  of  an  airplane  at  high  elevations 
(p.  418) 

symbol  (sim'bul).  A  letter  or  sign  which  represents  a  chemical  element, 
as  Fe  is  the  symbol  for  iron  (p.  251) 
synapse  (si  naps').  A  junction  between  two  neurons  (p.  569) 

tactile  (tak'til).  Having  to  do  with  the  sense  of  touch  (p.  561) 
tapeworm.  A  parasite  which  lives  in  the  intestine  of  man  and  various 
animals  (p.  588) 

taste  buds.  Sense  organs  on  the  tcngue  which  contain  the  receptors  for 
taste  (p.  567) 

technical  (tek'm  kal).  Having  to  do  with  mechanical  or  scientific  affairs 
(p.  419) 

teletype  (tel'e  tip).  A  machine  on  which  a  message  may  be  typed  as  on 
a  typewriter.  The  striking  of  the  keys  causes  a  circuit  to  be  closed  and 
prints  the  message  on  paper  fastened  in  the  receiving  machine  (p.  461) 
tellurium.  Te,  a  nonmetallic  element  (p.  255) 

tensile  (ten'sil)  strength.  The  force  required  to  break  by  pulling  apart 
a  rod  of  material  of  one  square  inch  in  cross  section  (p.  270) 
tent  caterpillar.  A  kind  of  caterpillar.  Groups  infest  trees  and  spin 
on  the  branches  webs  which  resemble  tents  (p.  107) 
teosinte  (te  o  sin'te).  A  native  grass  of  Central  America  related  to 
maize  (corn)  (p.  9) 

terrace  (verb).  To  plow  and  make  ditches  upon  land  in  such  a  manner 
that  erosion  will  not  take  place  (p.  96) 
terrarium  (te  ra'ri  um).  A  habitat  in  which  land  animals  may  live  and 
be  studied  (p.  119) 

test  tube.  A  small  glass  tube,  closed  at  one  end,  in  which  chemical 
experiments  may  be  carried  out  (p.  262) 
thermal  (ther'mal).  Having  to  do  with  heat  (p.  359) 
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thermostat  (ther'mo  stat).  An  automatic  mechanism  which  regulates 
temperature  (p.  616) 

thyme  (tlm).  A  shrub  whose  leaves  are  used  for  seasoning  (p.  179) 
thyroid  gland.  A  large  gland  in  front  and  on  both  sides  of  the  windpipe 
(p.  585) 

tidal  theory.  A  theory  which  attempts  to  explain  the  formation  of  the 
earth  (p.  711) 

timer.  A  mechanism  to  supply  electricity  to  the  cylinders  of  a  gasoline 
engine  at  the  proper  time  (p.  393) 
timothy.  A  form  of  grass  used  as  hay  (p.  105) 

tin.  Sn,  a  white  metal,  much  used  in  alloys  and  as  a  protective  plating 
for  other  metals  (p.  201) 

tin  plate.  Iron  which  has  been  plated  with  tin  (p.  268) 
tinstone.  Sn(>2,  the  ore  from  which  tin  is  obtained  (p.  209) 
toxin.  A  poison  produced  by  certain  bacteria  (p.  592) 
transformer.  An  electrical  instrument  for  changing  the  pressure  (volt¬ 
age)  and  quantity  (amperage)  of  electricity  flowing  through  a  circuit. 
If  the  voltage  is  increased,  it  is  known  as  a  step-up  transformer,  and 
if  the  voltage  is  decreased,  it  is  known  as  a  step-down  transformer 
(p.  493) 

transmission  gears.  A  system  of  gears  in  an  automobile  which  carries 
power  from  the  engine  to  the  rear  axle  at  various  speeds  (p.  400) 
trichinosis  (trik  1  no 'sis).  A  disease  of  the  intestines  caused  by  a  para¬ 
site  (p.  632) 

tuber.  An  underground  stem  (p.  18) 

tundra  (toon'dra).  The  treeless  plain  of  the  Arctic  region  (p.  80) 
tungsten.  W,  a  tough,  steel-gray  metal,  used  to  make  the  filament  in 
electric-light  bulbs  and  to  toughen  steel  (p.  215) 
turbine  (ter'bln).  A  machine  in  which  the  energy  of  running  water  or 
steam  is  used  to  develop  electrical  energy  (p.  324) 

ultra-violet  rays.  A  form  of  radiant  energy  given  off  by  the  sun.  These 
rays  are  invisible  and  help  maintain  health  (p.  679) 
uranium  (u  ra'ni  um).  U,  a  radioactive  element  (p.  711) 

vacuum  (vak'u  um)  tube.  A  tube  emptied  of  air,  in  which  movements 
of  electrons  may  take  place  (p.  522) 
valve.  A  mechanism  in  a  pipe  which  closes  or  opens  the  passageway 
(P.  371) 

vanadium  (va  na'di  um).  V,  a  rare,  light-gray  metal  used  as  an  alloy 
with  steel  (p.  215) 

vegetative  (vej'e  ta  tiv)  reproduction.  Certain  plants  can  be  formed 
from  other  plants  without  seeds.  This  reproduction  is  vegetative 
(P.  16) 

vena  cava  (ve'na  ka'va).  Either  of  the  two  veins  which  enter  the  right 
auricle  of  the  heart  (p.  550) 

ventricle.  One  of  the  two  lower  chambers  of  the  heart  (p.  550) 

vetch.  A  plant  of  the  bean  family,  a  legume  (p.  88) 

vitamin  (vl'ta  mm).  Any  of  a  group  of  substances  which  exist  in  very 
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small  quantities  in  different  foods.  They  are  necessary  for  proper 
nutrition  (p.  540) 

volt.  A  measure  of  the  force  (pressure)  of  the  flow  of  electricity  through 
a  conductor  (p.  488) 

walking  stick.  An  insect  which  eats  leaves  and  resembles  closely  the 
twigs  and  branches  on  which  it  is  found  (p.  184) 
water  hemlock.  A  poisonous  member  of  the  carrot  family  (p.  160) 
water  hyacinth.  A  water  plant  of  the  lily  family  (p.  160) 
watt  (wot).  A  measure  of  electric  power  (p.  491) 

wheat  rust.  A  disease  of  the  wheat  plant,  caused  by  a  fungus  (plant) 
(P.  165) 

whelps.  The  young  of  certain  animals,  as  dogs  or  tigers  (p.  72) 
whippet.  A  dog  something  like  a  greyhound  (p.  58) 

White  Leghorn.  A  variety  of  chicken,  noted  for  ability  to  lay  eggs 
(P-  67) 

white-pine  blister.  A  fungus  which  lives  upon  and  destroys  the  white 
pine  (p.  165) 

White  Wyandotte  (wl'an  dot).  A  variety  of  chicken  (p.  67) 

Wood’s  metal.  An  alloy  with  a  low  melting  point  (p.  263) 
wormwood.  Ragweed.  Wormwood  has  a  bitter  taste  (p.  162) 

X  rays.  A  form  of  radiant  energy  with  a  short  wave  length.  Such  waves 
can  penetrate  certain  substances,  as  flesh,  thus  making  possible  X-ray 
pictures  (p.  539) 

xenon  (zen'on).  X,  a  rare  gaseous  element  found  in  the  atmosphere 
(p.  255) 

yarrow.  A  plant  having  small  white  flowers  (p.  105) 
yellow  fever.  A  disease  caused  by  an  infection  carried  by  a  certain 
mosquito,  the  Aedes  egypti  (p.  589) 

zenith  (ze'mth).  The  point  in  the  heavens  which  is  directly  overhead, 
or  above  the  observer  (p.  659) 

zinc.  Zn,  a  bluish-white  metal.  Used  in  alloys  and  as  a  coating  for 
sheet  iron  (p.  217) 
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Acceleration,  309-310,  312-313, 
319 

Accidents,  causes  of,  601-602 
Acid,  in  soil,  77-78;  and  plants, 
80-81 ;  on  litmus  paper,  635- 
636;  lactic,  636 
Aerial,  522 

Agriculture,  and  food,  6,  8-11, 
13-17;  and  clothing,  11-13; 
since  beginning  of  history,  17- 
23;  and  growth  of  population, 
27-28 ;  conditions  necessary  for, 
75-81 ;  methods  of,  81-88 
Air,  and  health,  601 ;  temperature 
of,  605;  humidity  of,  610,  619- 
621 

Air-conditioning,  610,  611,  621- 
627,  732 

Airplane,  first  flight  of,  402-404; 
flight  records  in,  405-406 ;  mech¬ 
anism  of,  406-416 
Alcohol,  598-599 
Alkaline  soil  and  plants,  80,  81 
Alloys,  of  lead,  263;  of  copper, 
267 ;  of  tin,  268 ;  of  aluminum, 
271 ;  of  iron,  272,  273 
Alternating  current,  474-476 
Aluminum,  production  of,  269; 
properties  of,  270, 398 ;  alloys  of, 
271 ;  new  age  of,  272,  383,  625 
Amber,  423-424 
Ammeter,  489-490 
Ammonia  in  refrigeration,  621-623 
Ampere,  489,  491 
Amplitude  of  sound,  510 
Anaemia,  587,  589 
Andromeda,  718,  720 
Animals,  domesticated,  5,  53-69; 
fur-bearing,  69-72 ;  benefits 
from,  135-136;  conservation  of 
wild,  137-154 
Anther,  38 
Anthrax,  641 


Anthropologist,  work  of,  200 
Antitoxin,  592-597 
Aorta.  See  Arteries 
Armature,  457,  460,  463-467 
Arteries,  550-551 
Asiatic  beetle,  190 
Astigmatism,  564-565 
Atmosphere,  711 
Atoms,  429 

Attraction,  laws  of,  428 
Auditory  nerve,  566 
Auricle.  See  Heart 
Automobile,  mechanical  advan¬ 
tage  from  gears  of,  391-393; 
fine  adjustment  of  parts  of,  393- 
394;  of  the  future,  740.  See 
also  Gasoline  engine 
Autonomic  nervous  system,  con¬ 
trols  organs,  573 ;  centers  of, 
called  ganglia,  573;  balances 
cerebrospinal  nervous  system, 
574-575;  apparently  affected 
by  stimulation  of  cerebrospinal 
system,  575 

Bacteria,  nitrogen-fixing,  on  roots 
of  legumes,  90-91 ;  soil  enriched 
by  some,  171 ;  disease  caused  by 
only  a  few,  171,  588;  diseases 
known  to  be  caused  by,  591 ; 
diphtheria  caused  by,  591-595; 
basis  of  treatment  of  diseases 
caused  by,  595-597 ;  spread  of, 
609;  in  meats,  631-632 ;  checked 
by  canning,  634 ;  in  milk,  635- 
642 ;  Pasteur’s  study  of,  641  ; 
thrive  on  garbage,  643 ;  helpful 
in  destruction  of  sewage,  647, 
649 ;  filtered  out  by  sand,  651 ; 
killed  by  chlorine,  651 
Balance  of  nature,  meaning  of,  103- 
118 ;  why  continually  changing, 
114-118;  upset  most  by  man, 
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115-118;  upset  by  destruction 
of  forests,  121-125 
Bauxite,  269 
Bee,  178-182 

Bell,  Alexander  Graham,  503 
Bell,  electric,  457-459 
Bessemer  process,  238-240 
Birds,  food  of,  107 ;  sanctuaries 
for,  152 

Bison,  60,  61,  116;  destruction  of, 
139-140 

Blueberries,  24-25 
Bones  of  man,  537-542 
Boulder  Dam,  288-289 
Brahe,  Tycho,  679 
Brain,  569,  572-573 
Bricks,  making  of,  278 
British  thermal  unit,  359 
Bronze,  209-211 
Bronze  Age,  202,  209-210 
Brushes  of  electric  motor,  463 
Budding  plants,  50 
Bunsen,  704 

Calcium,  for  bone  growth,  540; 

regulation  of,  585 
Calendar,  671-672 
Canning  of  foods,  634-635 
Carbohydrates,  635,  643 
Carbon  dioxide,  643,  647 
Carburetor  of  gasoline  engine,  385 
Carrier  wave,  527-528,  529,  530 
Cast  iron,  237 

Cats,  domestication  of,  59-60 
Cattle,  61-66 
Cement,  289-290 
Centaur,  715 

Centrifugal  force,  299,  306 
Cerebrospinal  system,  559-573 
Cerebrum,  573 
Certified  milk,  639-640 
Characteristics,  dominant  and  re¬ 
cessive,  46-48;  preserving  de¬ 
sirable,  49-51 

Chaulmoogra  oil,  7,  26,  599 
Chemical  activity,  metals  differ  in, 
245-248,  253-254;  of  zinc,  260; 


of  copper,  264 ;  of  tin,  268 ;  of 
mortar,  286 

Chemical  compounds,  needed  by 
plants,  83-88;  of  zinc,  260;  of 
lead,  261-262 ;  of  aluminum, 
269 

Chemicals,  in  meat  preservation, 
633  ;  in  canning,  634 
Chestnut-tree  blight,  170 
Chinch  bug,  190-191 
Chlorine,  651 

Chromosomes  and  inheritance, 
35-36,  38,  49 

Chrysanthemum,  giant  blooms  of, 
42 

Cinchona  tree,  quinine  from,  7, 
22-23 

Circuit,  in  motor,  462-467 ;  in 
telephone,  515-518;  in  induc¬ 
tion  coil,  520-521 ;  in  radio 
sending  set,  522-526;  in  radio 
receiving  set,  527-531 
Climax  organisms,  114-115 
Coal,  demand  for,  257;  energy 
from,  360,  371-376,  381-382, 
480-483 ;  as  fuel,  617 ;  for 
future  use,  748 
Colorado  potato  beetle,  188 
Colors,  676-679 

Combustion,  external,  in  locomo¬ 
tive,  376-377 ;  internal,  in  gaso¬ 
line  engine,  384-385 
Community,  control  of  food  sup¬ 
ply  by,  629-642;  disposal  of 
garbage  by,  645-647 
Commutator,  463-464 
Compass,  446-450,  448 
Compound  bar,  616-618 
Concrete,  287-289 
Condensation,  508-509 
Condenser,  521,  523,  525-526 
Conductor  of  electricity,  265,  427 
Conservation  of  forests,  124-129 
Conservation  laws,  151-154 
Constellation,  715 
Convection  currents,  611,  613-615, 
618-619 
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Copernicus,  657,  694,  695 
Copper,  as  conductor  of  electricity, 
256, 264-267 ;  plating  with,  265- 
266 ;  alloys  of,  267 
Corn-borer,  European,  191-192 
Cornea  of  eye,  562,  565 
Corpuscles,  red,  586-587,  589 ; 

white,  587 
Cortex,  573 

Cotton,  history  and  use  of,  11- 
13 

Crank  shaft,  387-388 
Cro-Magnon  man,  204-206 
Crops,  condition  necessary  for 
growth  of,  75-81,  83-88;  rota¬ 
tion  of,  88-91 
Cross-pollination,  36-37 
Culture,  three  stages  of,  200 ;  use 
of  materials  a  measure  of,  217- 
218 ;  dependent  upon  muscular 
energy  in  Ancient  World,  362- 
364,  365 ;  dependent  upon  con¬ 
trol  of  energy  through  machines, 
364-368 

Current  electricity,  magnetic  prop¬ 
erties  of,  438-439;  definition, 
468;  generated,  470-474 ;  alter¬ 
nating,  474-476,  479,  500;  di¬ 
rect,  476-479;  measuring  of, 
488-492 ;  induced,  495,  496 ;  as 
observed  in  telephone,  515-518; 
in  induction  coil,  520-521;  in 
radio,  522-531 

Cylinder,  of  steam  engines,  371- 
372;  of  locomotive,  378;  of 
automobile,  385,  388 

Dandelion,  157 
Decay,  643-644 

Deflection  of  compass,  447-450 
Density,  of  aluminum,  270,  398; 

mass  and,  307 ;  of  steel,  398 
Diaphragm,  512,  514-516 
Diesel  engine,  395-398 
Diet,  importance  of,  600-601 
Differential  in  automobile,  391 
Diphtheria,  591-595,  637,  639,  642 


Direct  current,  476-479 
Distributor  and  timer,  393 
Dogs,  56-59 

Dominant  characteristics,  46-48 
Doppler  effect,  705 
Dragon  fly,  183-184 
Drainage  for  farming,  92,  93 
Dry  cell,  257-258 
Dutch  elm  fungus,  169-170 
Dynamo,  471-474,  486 

Ear,  511,  565-566 
Earth,  shape  and  movement  of,  as 
taught  in  early  days,  657 ;  cir¬ 
cumference  of,  measured  by 
Eratosthenes,  659;  theory  of 
origin  of,  709-713;  acquires  at¬ 
mosphere,  711 

Efficiency,  machine,  329-330,  360- 
361,  373 
Egg  cell,  36,  38 
Einstein,  Albert,  700,  701,  719 
Electricity,  produced  by  chemical 
action,  249-254;  copper  as  con¬ 
ductor  of,  256;  dry  cells  for, 
257-259;  storage  batteries  as 
source  of,  260-261;  objects 
charged  with,  425-426,  428; 
energy  of  motion  changed  to, 
428-429 ;  application  of  electron 
theory,  430-431,  435,  436;  elec¬ 
troscope  for  studying,  431-435; 
current,  438-496 
Electrolysis,  265-266 
Electromagnet,  434,  452-469 
Electromagnetic  waves,  519,  531 
Electron  theory,  250-252 ;  expla¬ 
nation  of,  430-436 
Electrons,  particles  of  negative 
electricity,  429.  See  also  Elec¬ 
tron  theory 

Electroplating,  265-266,  489 
Electroscope,  431-435 
Energy,  339 ;  kinetic  and  poten¬ 
tial,  340-343;  origin  of,  345- 
353 ;  mechanical,  and  heat,  357- 
360 ;  measure  of,  in  foods,  361- 
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362 ;  in  steam  engine,  371 ;  in 
locomotive,  381-383;  in  gaso¬ 
line  engine,  384-390;  of  coal 
and  falling  water  changed  to 
electricity,  480-487,  491 ;  of 
foods  changed  to  heat  and  mo¬ 
tion  in  body,  544-545,  548,  554 ; 
radiant,  674-675 

Engine,  steam,  360,  371-373,  394- 
395,  399 
Eohippus,  63 
Epidemics,  651 
Eratosthenes,  658,  659 
Erosion,  protection  from,  91-95 
Eskimos,  54-56 
Eustachian  tube,  566 
Exercise,  "oxygen  debt”  and,  545- 
550 ;  heart  and,  553 ;  and  oxy¬ 
gen  used  by  body,  553-554 ;  and 
temperature  of  the  body,  554; 
and  waste  removed,  554;  and 
health,  555,  556,  601 
Exhaust,  of  steam  engine,  372  ;  of 
locomotive,  378 ;  of  automobile* 
393 

Explosion,  384-385 
External-combustion  engines,  376- 
377,  394-395,  396 
Eye,  functions  of,  562-563 ;  de¬ 
fects  of,  564-565;  and  color, 
679 ;  and  ultra-violet  rays,  680  ; 
lens  of,  681 

Faraday,  Michael,  478 
Fat,  in  milk,  635;  composition  of, 
643 

Fatigue,  546-547 

Fertilization,  of  egg  cell,  38;  of 
land,  83-88 

Field  magnets,  463,  466 
Filament  of  radio  vacuum  tube, 
522-526 

Fires,  control  of  forest,  125-128 
Fish,  147-149,  152,  153-154 
Flies,  644-645 
Flood  control,  96-98 
Focus  and  focal  length,  682-691 


Food,  for  growth  of  bones,  540; 
energy  of,  released  in  muscles, 
545;  control  of,  630-642;  in¬ 
creased  and  improved,  746-747 
Force,  definition  of,  298-299,  319, 
339 ;  centrifugal,  299,  300,  306, 
415 ;  laws  of,  299-302 ;  of  grav¬ 
ity,  302-306,  308-314 ;  of  fric¬ 
tion,  314-319 ;  of  steam  in  en¬ 
gine,  371-372 ;  of  locomotive 
for  pulling,  379-380;  that  lifts 
airplane,  411-413 
Forest  fires,  control  of,  125-128 
Forests,  108-113;  destruction  of, 
120-124;  conservation  of,  124- 
129 ;  conserve  moisture  and 
prevent  erosion,  132 ;  as  sanc¬ 
tuaries  for  wild  life,  133 
Foxes,  70-73 

Franklin,  Benjamin,  424-425 
Fraunhofer,  704,  706 
Frequency,  529,  530 
Friction,  309,  315-318 
Fuel,  371,  373,  617-618 
Fulcrum,  326 
Fulton,  214 

Fungi,  and  forest  conservation, 
128-129 ;  and  other  plants,  165- 
167 ;  control  of,  167-170 
Fungus  diseases  of  plants,  165- 
167 ;  controlling,  167-170 
Fur  farming,  69-73 
Furnace,  hot-air,  613-615;  hot- 
water,  615 ;  for  steam  heat,  615- 
617 

Fuse,  500 

Galaxy,  717,  718,  719-720 
Galileo,  656,  678,  693-695 
Galvanometer,  471 
Game  wardens,  152 
Gamete,  37 
Ganglia,  574 
Garbage,  643-647 
Garden  cities,  739-740,  741,  742 
Gases  change  to  liquid  due  to  tem¬ 
perature,  357 
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Gasoline  engine,  384-393 
Gears,  mechanical  advantage  of, 
335-336;  in  automobile,  390-393 
Generator,  principle  of  commer¬ 
cial,  472-474,  480,  481;  alter¬ 
nating-current,  474-476,  479; 
direct-current,  476-479 
Genes,  38,  49 
Glands,  585-586 
Glass,  279-285 
Glucose,  13,  546 
Glycogen,  545-546 
Goats,  domestication  of,  62 
Gold  leaf  in  the  electroscope,  431 
Grafting  plants,  50 
Grains  as  food,  8-11 
Gram,  307 
Gram-calorie,  359 
Granite,  277-278 

Gravitation,  295,  300-316,  319, 
339 

Grid,  in  vacuum  tube,  522-523; 

circuit  in,  525-526 
Gypsy  moth,  187,  188 

Habitats  of  wild  animals,  137 
Haemophilia,  585 
Halley,  696-697 

Health,  537,  557,  600-603;  air- 
conditioning  and,  626-627 ;  of 
community,  629-635 
Hearing,  receptors  for,  565-566 
Heart,  550-553,  573,  575 
Heat,  346-360 ;  radiation  and 
convection  of,  611,  613,  618- 
619 ;  production  of,  613-618 
Hens,  domestication  and  breeds  of, 
67-69 

Heredity,  34-36,  38,  43-51 
Herschel,  Sir  William,  697 
Hertz,  experiments  made  by,  519- 
521 

Honey,  composition  of,  181 
Hookworm,  590-591,  592,  599 
Hormones,  586 

Horsepower,  unit  of  power,  323- 
324;  of  steam  engine,  373;  of 


locomotive,  380-381 ;  of  gaso¬ 
line  engine,  388-390 ;  of  Diesel 
engine,  397 ;  of  airplane  engine, 
407,  410 ;  of  hydroelectric  gen¬ 
erating  plant,  485;  of  falling 
water,  490 ;  relation  of,  to  kilo¬ 
watt,  491 
Horses,  63-65 
Humidity,  610,  620-627 
Humus,  77 
Hunting,  152,  153 
Huxley,  Thomas  Henry,  141 
Hybrids,  31-49 

Hydroelectric  power,  481,  483- 
487 

Hydrogen  sulfide,  644 
Hydrophobia,  641 

Ichneumon  fly,  185 

Immunity,  593-596 

Incas  of  Peru,  and  agriculture,  6 

Incinerator,  647 

Inclined  plane,  334-335 

Incubators,  69 

Indian,  value  of  forest  to,  120-121 
Indicator  in  locomotive,  379 
Induced  current,  495,  496;  in 
telephone,  513,  516-517 ;  in  in¬ 
duction  coil,  521 ;  in  grid  circuit, 
525-526 

Induction  coil,  520-521 
Infra-red  rays,  678-681,  682 
Inheritance  of  characteristics.  See 
Heredity 

Insects,  106,  128-129;  useful, 
175-186;  harmful,  186-192 
Inspection,  of  food,  632-633,  634- 
635;  of  dairy  cattle,  637 
Insulators,  427 ;  in  the  electro¬ 
scope,  431 ;  in  telephone  trans¬ 
mitter,  514 ;  in  new-type  house, 
625-626 
Insulin,  585 

Internal-combustion  engine,  384- 
385,  395-396,  398 
International  date  line,  668 
Invar,  273 
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Involuntary  muscles,  543-544 
Ions,  429,  489 
Iris  of  eye,  562 

Iron,  use  of,  198,  202-203,  210, 
212-215,  220-221;  waste  of, 
222-223  ;  mining  of,  230-231 ; 
separated  from  ore,  231-236; 
cast  and  wrought,  237 ;  made 
into  steel,  238-240 ;  rusting  of, 
240-241 ;  amount  used  in  year, 
256;  galvanized,  259-260 ;  mag¬ 
netism  of,  440;  in  thermostat, 
616;  in  new-type  house,  624- 
627 

Iron  Age,  200,  202-203,  210,  212- 
213,  220-221 ;  dependent  on 
other  metals,  256,  258 ;  loco¬ 
motive,  product  of,  383 ;  com¬ 
plex  civilization  of,  due  to  prog¬ 
ress  in  control,  746 
Iron  ore,  228-236 
Iron  rust,  240-241 
Irrigation,  92,  93 
Isaac  Walton  League,  154 

Japanese  beetle,  189-190,  191 
Jenner,  Edward,  597 
Joints,  537,  538,  539 
Jupiter,  discovery  of  moons  of, 
694-695 

Kepler,  679,  696 
Kilocycle,  526 
Kilogram,  307,  548 
Kilowatt,  491-492 
Kinetic  energy,  340-343,  361 
Kingsford-Smith,  405-406 
Kirchoff,  704,  706 

Lactic  acid,  546 
Ladybug,  182-183 
Lake-dwellers  and  agriculture,  6 
Langley,  404 
Larynx,  505-506 
Latitude,  660-663 
Lead,  256,  260-263 
Legumes,  88-91 


Lens,  of  eye,  562,  564,  565,  681 ;  of 
camera,  682,  683 ;  convex,  683  ; 
and  size  of  image,  685-686;  of 
picture  lantern,  686 ;  of  reading 
glass,  687 ;  in  compound  micro¬ 
scope,  688-689 ;  of  telescope, 
689-691 

Leprosy,  chaulmoogra  oil  used  as 
cure  for,  26,  599 
Levees,  96-97 

Lever,  326-328,  331-334;  use  by 
Egyptians,  364 
Leverrier,  697-699 
Ligaments,  537-539,  540 
Light,  675-678 

Lime,  for  soil,  85;  slaking  of,  286 
Limestone  for  building,  277-278 
Lindbergh,  405 

Lines  of  force,  442-443,  446,  474- 
476 

Lithium,  spectrum  of,  704 
Litmus  paper,  635-636 
Loam,  78 

Locomotive  engine,  373-384 
Longitude,  660,  662-664 
Lumbering,  131 
Lungs,  550 

Machines,  and  Age  of  Power,  214- 
215,  220-221 ;  simple,  325,  332- 
336;  mechanical  advantage  of, 
326-327,  329,  331 ;  principles  of, 
328,  330,  334 ;  efficiency  of,  329- 
330,  360-361 ;  compound,  336 
Magellanic  Cloud,  718 
Magnesium  in  alloys,  271 
Magnetic  field,  488-490,  494-495 
Magnetism,  439-459,  494-495, 

517-531 

Maize,  or  Indian  corn,  9-11 
Malaria,  588-589,  590,  599 
Maple  sugar,  25-26 
Marble,  277-278 
Marconi,  Guglielmo,  503-504 
Marggraf,  Andreas,  19 
Marquis  wheat,  40,  41 
Marrow  of  bones,  541 
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Mass,  306-309 
Mastoid  process,  566 
Materials,  man’s  use  of,  197-203, 
209-218;  for  building,  277-279 
Mathematics,  Newton,  a  genius 
in,  695 ;  knowledge  of,  from  an¬ 
cient  times,  696 ;  calculus,  a 
branch  of,  696;  comet’s  move¬ 
ments  figured  by  Halley  by, 
696-697 ;  aided  in  discovery  of 
Neptune,  697-699;  also  helped 
in  discovery  of  Pluto,  699 ; 
found  companion  star  to  Sirius, 
699,  701 ;  used  in  making  lenses, 
telescopes,  etc.,  701 
Matter,  197-203,  209-218 
Maxwell,  519 

Meat,  proper  keeping  of,  630-633 
Mechanical  advantage,  of  lever, 
326-327,  333-334;  of  pulley, 
329  ;  of  inclined  plane,  334-335 ; 
of  gears,  335-336;  of  driving 
mechanism,  391-392 
Medicine,  plants  for,  7 ;  dangerous 
use  of,  598 ;  narcotics  and  stimu¬ 
lants,  598-599 
Mendel,  Gregor,  43-49 
Meridians  of  longitude,  662 
Metals,  use  of,  197-203,  209-218; 
cost  of,  224 ;  usefulness  of,  244- 
248 ;  reactions  of,  246-248,  253- 
254 ;  in  alloys,  272-273 ;  expan¬ 
sion  of,  616,  618 

Metamorphosis,  incomplete,  184; 

complete,  189 
Meteors,  711 

Meter  for  measuring  electricity, 
500 

Metric  system  of  weights  and 
measures,  307 

Michelson,  Albert  A.,  700,  701 
Microphone,  528-529 
Microscope,  687-689 
Mid-brain,  569 

Milk,  635-638 ;  pasteurization  of, 
638-642  ;  grades  of,  639-640 
Milky  Way,  713,  715 


Minerals,  in  soil,  83-88 ;  in  rocks, 
225-226 ;  formation  of,  226-227 
Modulation,  529 
Mold,  631,  643 

Molecular  theory,  and  heat,  354- 
357 ;  and  magnetism,  443-446 
Molecules,  moving,  346,  353-357; 

and  state  of  matter,  357 
Moon,  658,  674 
Morse,  Samuel  F.  B.,  459 
Mortar,  285-286 
Mosquito,  588-590 
Motion,  law  of,  678 
Motor,  462-467 
Mule,  32 

Muscles,  538,  539,  542-551 
Mutants,  or  "  sports,”  33 
Mutation,  33 

Neanderthal  man,  203-204,  205 
Nebulae,  717-719 
Neolithic  Age,  206 
Neptune,  697-699 
Nervous  system,  559-577 
Neuron,  sensory,  568,  569 
Newton,  Sir  Isaac,  302,  679,  695, 
696 

Nicotine,  599 

Nitrates  as  fertilizer,  85,  86 
Nitrogen,  86 ;  in  proteins,  643 
Nitrogen-fixing  bacteria,  90-91 
Nutrition,  improvement  in  science 
of,  749 

Observatory,  Yerkes,  689-690, 
693,  695;  Mt.  Wilson,  690-691, 
702,  709 

Ohm,  unit  for  measuring  resist¬ 
ance,  490 

Oil  as  fuel,  617-618,  748 
Olfactory  nerve,  566,  567 
Optic  nerve,  562-563,  681 
Optical  instruments,  681-707 
Ore,  223-236 

Organisms,  114-115,  745-746 
Orion,  715 
Ovary,  36,  37 
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Ovule,  36 

Oxygen,  "debt,”  545,  547-548, 
549 ;  rate  of  intake  of,  550 

Paleolithic  Age,  206 
Parasites,  plant,  90-91,  171,  588, 
591 ;  animal,  588-591 
Parathyroid  glands,  585 
Pasteur,  Louis,  641 
Pasteurization,  638-642 
Perpetual-motion  machine,  344- 
345 

Perspiration,  554 
Petroleum,  256-257 
Pharmacology,  science  of  drugs,  599 
Phoenicians,  660 
Phonograph,  512-513 
Phosphates  needed  by  plants,  87 
Pig  iron,  236 

Pigeons,  passenger,  140,  142-143 
Pineal  gland,  585 
Pistil,  36,  37 

Piston,  371-372,  378-379 
Pituitary  gland,  585 
Planck,  Max,  700,  701 
Plane.  See  Inclined  plane 
Planets,  motion  of,  656 ;  and  light, 
674 ;  discovery  of,  697-699 ; 
theory  of  origin  of,  709-713 
Plants,  5-28;  new  varieties  of, 
31-51;  undesirable,  156-165; 
fungus  diseases  of,  165-170 
Plasma  of  the  blood,  584-586 
Plate,  522-526 
Platinite,  273 
Platinum,  272-273 
Plowing,  purpose  of,  81-83 
Pluto,  699 
Pneumatics,  725 
Poison  ivy,  161,  163 
Poles,  magnetic,  446-450 
Pollen,  36,  37 
Pollination,  36,  38 
Positive  and  negative  electricity, 
427 ;  illustrated  in  radio  sending 
set,  525 

Potash  as  fertilizer,  87 


Potato,  17-19 
Potential  energy,  340-343 
Poultry.  See  Hens 
Pound,  standard,  304-305,  307, 
308,  309,  321 

Power,  323-324,  488;  of  gasoline 
engine,  385-387 ;  produced  by 
falling  water,  490 
Power  Age,  203 ;  and  use  of  iron, 

214- 215,  220-221;  and  de¬ 
mands  for  numerous  metals, 

215- 217 

Prairie  grass  on  Western  plains,  116 
Praying  mantis,  184-185 
Pressure,  of  steam,  371-372 ;  of 
air  as  affecting  airplane,  408- 
409,  411-413  ;  on  carbon  in  tele¬ 
phone  transmitter,  515;  in 
radio,  529 

Pribilof  Islands  and  sealing  indus¬ 
try,  144-147,  152 

Primary  circuit,  495-497 ;  in  tele¬ 
phone,  513-516;  in  induction 
coil,  520-521 
Prism,  675-677,  682-683 
Propeller  of  airplane,  408-410 
Proteins,  635,  643 
Protons,  429 
Protoplasm,  745 
Protozoa,  588-589,  590 
Pulley,  328 ;  mechanical  advan¬ 
tage  of,  329 ;  efficiency  of,  329- 
330 ;  use  of,  by  Egyptians,  364 
Pulmonary  artery.  See  Arteries 
Pulmonary  vein.  See  Veins 
Pythagoras,  657 

Quartz,  fused,  284-285 
Quinine,  7,  22-23,  599 

Radiation,  519 
Radio,  503-505,  518-531 
Radiometer,  345-347 
Rarefaction,  508-509;  in  sound 
wave,  529 

Ratoon  method  of  raising  sugar 
cane,  15,  16 
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Rats,  645 

Receiver,  of  telephone,  517-518; 

of  radio,  527-531 
Recessive  characteristics,  46-48 
Red  Calcutta  wheat,  40 
Red  Fife  wheat,  40,  41 
Reflection,  691 
Reflex  action,  570-572 
Refrigeration,  621-623,  638-639 
Reindeer,  54-55,  56 
Resistance,  516,  521,  529 
Rest,  importance  of,  601 
Retina,  562,  564,  565 
Rotation  of  crops,  88-91 
Rotor,  481-486 
Rubber,  20-22 

Safety  valve,  377 
Salmon,  147-149 

Sanctuaries  for  wild  life,  133,  150- 
152 

Sand,  76,  77 

Sanitation,  value  of  science  of,  748 
Scarab  beetle,  174 
Seals,  144-147 

Secondary  circuit,  497 ;  in  tele¬ 
phone,  513,  517-518;  in  induc¬ 
tion  coil,  520-521 
Sedimentation,  650 
Self-pollination,  36-37 
Septic  tank,  648,  649-650 
Sewage,  647-649 
Sheep,  62-63,  66-67 
Sidereal  day,  670 
Silkworm,  175-178 
Silt,  77 

Silver  among  first  metals  used  by 
man,  200-201 

Sirius,  companion  star  of,  699,  701, 
716;  brightest  star,  715 
Sitter,  Willem  de,  700,  701 
Skeleton,  bones  of,  544 
Sleep,  importance  of,  601 
Smallpox,  596,  597 
Smell,  receptors  for,  566,  567 
Snakes,  106 

Sodium,  spectrum  of,  704 


Soil,  kinds  of,  77-81 
Solar  radiation,  345-353 
Sound,  505-518;  in  radio,  527- 
531 

Space,  719-720 
Spark  plug,  393 
Spectroscope,  703-707 
Spectrum,  675,  679-680,  704-705, 
707 

Speed.  See  Velocity 
Sperm  cell,  36 
Sphygmomanometer,  552 
Spinal  cord,  560,  569;  in  reflex 
action,  570 
Stamen,  36,  37 

Stars,  352,  656,  657,  713-719; 
maps  of,  659-660 ;  spectrum  of, 
704,  707 

Static  electricity,  427,  438 
Steam,  energy  of,  371-373,  377- 
379;  heating  by,  615-617 
Steel,  238-240 ;  magnetic  proper¬ 
ties  of,  440,  441,  442,  444,  445 
Stephenson,  George,  214-215,  747 
Stethoscope,  552 
Stigma,  36,  37 
Stokers,  376 

Stone,  use  of,  203-208,  277-279 
Stone  Age,  200,  203-206 
Storage  battery,  260-261 
Streamlining,  292,  316-318,  399 
Striated  muscles,  543 
Style,  37 
Sucrose,  13,  19 

Sugar,  13-17,  19-20;  in  blood, 
584-585 

Sugar  maple,  25-26 
Sun,  source  of  energy,  352 ;  eclipse 
of,  predicted  by  Thales,  657 ; 
distance  of,  from  earth,  658 
Switch  for  electric  wires,  499-500 
Synapse,  569 

Tactile  receptors,  561-562 
Taste,  receptors  for,  567-568 
Telegraph,  459-462 
Telephone,  503-504,  513-518 
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Telescope,  invention  of,  656,  678; 
refracting,  689-690 ;  reflecting, 
690-691 ;  modern  types  of,  701- 
702 

Teletype  machine,  461-462 
Temperature,  and  compression  of 
gas,  622 ;  and  air,  627 ;  for 
meat  preservation,  630-632  ;  for 
sterilization,  634,  637-639 
Tendons,  539 

Tensile  strength,  of  aluminum, 
270,  398 ;  of  steel,  398 
Terraced  farming,  95 
Thales  of  Miletus,  657,  692 
Thermostat,  616-617 
Thymus  gland,  585 
Thyroid  gland,  585 
Time,  663-671 
Tin,  268,  269 
Tongue,  567-568 
Toxin-antitoxin,  594-595 
Trains,  high-speed,  illustration, 
292 ;  cab  of,  397 ;  efficiency  of, 
397-398;  reasons  for  efficiency 
of,  398-399 

Transformers,  492-501 
Transmitter,  of  telephone,  513- 
517;  of  radio,  522-527 
Trichinosis,  632 

Tuberculosis,  597 ;  in  cattle,  632, 
637 ;  in  milk,  639 
Turbine,  394-396;  practical  ap¬ 
plication  of,  483,  485-486 
Typhoid,  597 ;  and  milk,  637,  639, 
642  ;  in  sewage,  648 ;  sources  of, 
651-652 

Ultra-violet  rays,  284,  679-680 
Uranus,  discovered  by  Herschel, 
697 

Vaccination,  596,  597 
Vacuum  tube,  522-523 
Vanadium,  272 


Vegetables  and  alkaline  soil,  81 
Veins,  550-551 

Velocity,  309-315;  of  train,  397; 
of  airplane,  414-415;  of  sound, 
511 

Ventilation,  611 
Ventricle.  See  Heart 
Venus,  phases  of,  697 
Vibration,  506-510 
Vision,  562-565 
Vitamins,  540,  635 
Vocal  cords,  505-506 
Volt,  490 

Voluntary  muscles,  543;  actions 
controlled  by  cerebrospinal  nerv¬ 
ous  system,  572-573 

Water,  dangerous  conditions  in, 
650,  652  ;  cycle  of,  745 
Watt,  unit  of  power,  491 
Watt,  James,  214 
Wave  length,  674,  676-677 
Weeds,  156-165 
Weight,  304-307 
Wheat,  8-10,  39-41 
Wheat  rust,  166,  167 
White-pine  blister,  168 
Wilderness,  conquest  of,  108-113; 
conquest  of,  and  destruction  of 
forests,  121-124 
Wood,  130-132 

Work,  321-322 ;  by  machines, 
336,  373,  379,  388 ;  by  falling 
water,  490  ;  by  heart,  553 
WTright,  Orville  and  Wilbur,  402- 
404 

Wrought  iron,  237 

Year,  670 

Yeasts,  631 

Yellow  fever,  589-590 

Zinc,  for  dry  cells,  257-259;  for 
galvanizing  iron,  259-260 
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